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ELECTRON  ART 


MANUFACTURING  REVIEW 


CROSSTALK 


DEPARTMENTS 


4. 


At  the  "run  of  the  mill"  frequencies  radio  parts 
designed  and  produced  with  "overage"  care  will 
deliver  a  satisfactory  performance. 


But  today's  ultra-high  frequencies  demand  cor¬ 
responding  ultra-precision  parts  imaffected  by 

the  vagaries  typical  of  these  frequencies . 

CENTRALAB  Fixed  Resistors  have  an  excellent 
frequency  characteristic  less  affected  by  voltage, 
humidity  and  frequency  changes. 


Again  we  suggest 


SPECIFY  CENTRALAB. 


Baptized  in  Sr*  at  2500  dagiMz — hard 
as  zton*— c«nt«T  ceramic  core  and 
ceramic  Jacket  iired  together  to  iorm  a 
single  shock-proof  unit.  Pure  copper 
applied  bj  Schoop  metal  spray  process 
forms  intimate  end  contact  to  conducting 
area. 


Radio  engineers  are  now  tapping  the  resources  of 
frequency  bonds  formerly  used  only  in  laboratories. 
In  order  to  make  these  bands  operatire  parts  must 
now  be  used  that  adhere  strictly  to  the  limitations 
of  these  bands.  Centrolab  engineers  haye  success¬ 
fully  met  these  problems  with  Centrolab  parts. 


Centtalab 

DIV.  OF  GLOBE-UNION  INC.,  MILWAUKEE,  WIS. 

AXIAL  LEAD 
RESISTORS 
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CROSS 


TALK 


►  DEPARTURE  .  .  •  Electronics  has 
studiously  avoided  publication  of 
feature  articles  dealinf?  with  the  manu¬ 
facturing  processes  of  a  single  manu¬ 
facturer  in  our  industry.  In  this  issue 
we  depart  from  that  plan  in  the  in¬ 
stance  of  the  article  by  Herbert  Chase. 
Mr.  Chase,  a  contributor  of  long  stand¬ 
ing  to  Electronics,  had  the  unusual 
opportunity  of  learning  at  first  hand 
how  Erie  resistors  were  made,  and 
wrote  for  us  the  article  published  in 
this  issue.  It  seems  to  us  that  there 
is  much  of  interest  in  the  ways  in 
which  things  are  made,  including  parts 
which  go  into  electronic  assemblies, 
each  insignificant  by  itself  but  con¬ 
tributing  mightily  to  the  effectiveness 
of  the  whole.  This  is  an  experiment. 
If  readers  profit  by  this  article  others 
will  follow. 

►  CATS  .  .  .  Sometime  ago  Electronics 
related  the  story  from  England  of  the 
discovery  that  leaks  in  cables  could 
be  traced  by  pumping  a  gas  smelling 
of  cats  through  the  cable,  and  then 
running  a  dog  up  and  down  the  out¬ 
side.  C.  A.  Briggs  of  Washington, 
D.  C.,  thinks  that  he  has  something  of 
use  along  this  line.  He  says  “What 
is  the  nature  of  that  cat  gas?  Is  it 
obtained  by  passing  cats  through  gas 
or  gas  through  cats?  Some  years  ago 
a  wood  pussie  found  access  to  my 
basement  and  left  a  lingering  re¬ 
minder  that  needed  no  Labrador 
retriever  to  discover.  If  the  cat  gas  is 
similar  to  my  basement  aromatics,  is 
there  a  market  for  the  stuff?” 

►  INCIDENTALS  .  .  ASCAP 

(American  Society  of  Composers,  Au¬ 
thors  and  Publishers),  according  to 
NAB  (National  Association  of  Broad¬ 
casters),  has  a  total  annual  revenue 
of  approximately  6  million  dollars.  Of 
this  4  millions  comes  from  broadcast 


stations.  In  the  last  6  years  ASCAP 
has  got  from  the  broadcasters  over  20 
million  dollars. 

According  to  Dun  &  Bradstreet,  July 
22,  the  radio  industry  as  of  that  date 
had  sold  more  sets  than  in  the  same 
period  in  the  previous  year,  but  due 
to  television  publicity  the  sale  of 
higher  priced  sets  was  down  so  that 
on  a  dollar  basis  1939  to  date  is  not 
so  hot.  Sale  of  time  on  the  air,  how¬ 
ever,  continues  to  soar.  Billings  for 
March  were  greater  than  for  any 
month  on  record.  The  first  6  months 
saw  total  billings  of  more  than  41 
million  dollars. 

►  ERRORS  ...  In  recent  book  review 
of  Paul  Deeley’s  book  on  electrolytic 
condensers  the  statement  was  made 
that  this  was  the  first  book  in  English 
on  the  subject.  Chapman  and  Hall, 
London,  very  properly  point  out  that 
in  1937  they  published  “Electrolj^ic 
Condensers:  Their  Properties,  Design 
and  Practical  Uses”  by  Philip  R. 
Coursey. 

Mr.  Ryder,  whose  article  on  motor 
control  circuits  was  published  in  De¬ 
cember,  1938,  Electronics  states  that  in 
Figs.  1,  2  and  4  of  that  article  the 
resistor  R  is  improperly  connected  to 
tube  B.  It  should  be  connected  between 
gprid  and  cathode  instead  of  between 
grid  and  plate. 

►  OBIT  .  .  .  The  world  of  electrical 
engineering  suffered,  in  June,  the  loss 
of  Dr.  A.  E.  Kennelly  whose  world¬ 
wide  reputation  as  an  engineer  and 
as  a  scientist  is  well  knowm.  The  first 
use  of  complex  notation  applied  to 
Ohm’s  Law  in  alternating  current  engi¬ 
neering  was  published  by  Dr.  Kennelly 
in  1893;  in  1902  he  expounded  his 
theory  of  the  conducting  layer  in  the 
upper  atmosphere  which  has  come  to 
be  known  by  the  Kennelly-Heaviside 


layer.  His  schedule  for  years  had  been 
heavy  with  work  for  the  American 
Standards  Association;  his  contribu¬ 
tions  to  the  literature  of  electrical 
engineering  and  to  mathematical 
theory  and  his  work  with  the  pro¬ 
fessional  societies  had  made  him  one 
of  the  best  known  and  most  respected 
of  modern  scientists. 

►  PERSONAL  .  .  .  Richard  T.  Orth, 
head  of  the  receiving  tube  design  sec¬ 
tion  of  the  RCA  plant  at  Harrison, 
N.  J.,  was  awarded  one  of  the  ten 
Alfred  P.  Sloan  Foundation  fellowships 
for  a  year  of  advanced  study  of  in¬ 
dustrial  problems  at  M.I.T.  He  has 
been  granted  a  year’s  leave  of  absence 
to  take  advantage  of  the  opportunity. 

W.  J.  Browm,  an  Englishman  who  has 
attended  many  IRE  conventions  and 
who  has  many  friends  among  communi¬ 
cations  engineers  in  this  country,  has 
formed  a  company.  The  Electronic  En¬ 
gineering  Services,  Ltd.,  for  the  pur¬ 
pose  of  keeping  English  firms  up  to 
date  on  America  practice,  and  to  keep 
Americans  aware  of  what  is  going  on 
in  England.  Mr.  Browm  was  chief  en¬ 
gineer  of  the  designs  department  of 
the  Gramaphone  Co.,  then  director  of 
engineering  of  Philco  Radio  and  Tele¬ 
vision  of  (Ireat  Britain  and  was  an  en¬ 
gineer  with  Metropolitan  Vickers  be¬ 
fore  these  more  recent  engagements. 

Vladimir  KarapetoflF,  Professor  of 
electrical  engineering,  Cornell,  retired 
in  June  and  has  been  made  professor 
emeritus.  Professor  Karapetoff,  it  wnll 
be  remembered,  is  not  only  a  scientist 
and  teacher  of  note  but  an  accom¬ 
plished  musician  as  well.  It  was 
natural  that  he  should  combine  his 
interest  in  electrical  circuits  and 
musical  instruments  in  producing  one 
of  the  early  electrical  musical  devices. 
He  holds  honorary  degrees  of  Doctor 
of  Science  and  Doctor  of  Music. 


Scene  of  Action  to  Office  in  Eight  Minutes .... 

In  modern  newspaper  practice,  news  and  pictures  must 
travel  together  for  simultaneous  presentation.  Here,  a 
photographer  of  International  News  Service  is  transmit¬ 
ting  a  news  picture  from  a  hotel  room,  near  the  scene 
of  action,  to  key  station  (New  York,  Chicago  or  San 
Francisco)  from  where  it  is  relayed  by  separate  lines 
to  the  various  newspaper  offices.  The  unit  for  coupling 
to  the  telephone  line  is  shown  on  the  small  table.  The 
photograph  has  just  been  developed  and  printed  in  the 
improvised  darkroom  in  the  both  room 


Pictures 

by 

WIRE 


Transmittinq  room  oi  Wide  World  Photos.  Note  the  position  of  the  telephone  receivers 
on  the  coupling  coils  and  the  dummy  receivers  on  the  telephone  hooks.  These  trans¬ 
mitters  are  designed  to  operate  from  the  storage  batteries  shown  under  the  bench 


IN  the  pa.st  two  year.s,  although  the  mittin^r  and  receiving  motor  drive.s  lowing  manner.  Two  cylinder.s  of 
fundamental  principle.s  of  wire  and  of  properly  pha.sinj?  the  two  the  same  dimensions,  one  in  the 
transmission  have  remained  un-  rotating  cylinders  so  that  the  trans-  transmittinjr  unit  and  one  in  the 
changed,  many  improvements  and  re-  mitted  picture  will  be  properly  lo-  receiving  unit,  are  located  a  consid- 
finements  have  been  made  in  the  cated  on  the  receiving  film.  All  of  erable  distance  apart,  up  to  3,000 
e<iuipment  to  improve  the  quality  of  the  systems  transmit  on  a  carrier  miles  and  more.  Around  the  trans- 
the  picture,  to  reduce  size  and  weight  frequency  and  therefore  all  contain  mitting  cylinder  is  wrapped  a  posi- 
and  hence  facilitate  the  transporta-  carrier  freciuency  oscillators,  modu-  tive  print  of  the  picture  to  be  trans- 
tion  of  portable  units,  and  to  sim-  lators,  demodulators  and  amplifiers.  mitted  and  around  the  receiving 
plify  its  operation  so  that  a  photog-  cylinder  is  wrapped  a  negative 

rapher  unfamiliar  with  electrical  PriHclnles  of  (),,rn,tion  photographic  film,  generally  with 

engineering  can  use  it  with  full  rather  high  contrast  emulsion.  It  is 

satisfaction.  The  same  agencies,  Xo  method  has  yet  been  devised  possible  to  transmit  to  more  than 

Acme  News  Pictures,  A.sst)ciated  whereby  more  than  a  single  piece  of  receiver  at  one  time,  but  for  pur- 

Press,  Finch  Telecommunications,  information  can  be  transmitted  at  Poses  of  illustration  one  receiver  will 
International  News  Photos  and  Wide  one  time  in  a  single  circuit.  There-  considered.  The  two  cylinders  are 
World  Photos  have  continued  in  fore,  as  in  television,  the  picture  rotated  at  very  closely  identical 
operation,  and  each  has  made  sub-  must  be  divided  into  a  large  number  speeds  (generally  about  100  r.p.m.), 
stantial  progress.  of  units,  each  of  which  is  small  means  of  synchronous  motors 

The  general  arrangement  of  the  enough  so  that  it  may  be  considered  controlled  by  frequency  standards 
transmission  systems  of  the  different  that  it  contains  only  one  shade  of  such  as  temperature  compensated 
agencies  is  very  much  the  same,  white,  black  or  gray.  It  is  then  pos-  tuning  forks  and  are  in  phase  with 
They  differ  only  in  details  of  con-  sible  for  a  phototube  to  “look”  at  c^ch  other  in  respect  to  the  position 
struction  and  operation.  Each  pic-  each  unit  in  turn  and  translate  the  transmitted  picture  and  the 

ture  transmitting  unit  has  a  cylinder  shade  of  each  unit  into  a  voltage  receiving  negative.  As  the  cylinders 
around  which  the  picture  to  be  which  may  then  be  tran.smitted  over  rotate,  scanning  heads  move  longi- 
tran.smitted  is  wrapped,  a  scanning  the  telephone  lines.  At  the  receiving  tudinally  along  the  cylinder  at  the 
head  containing  a  light  source  and  end,  the  voltage  is  retranslated  into  rate  of  about  one  inch  per  100  revo- 
a  phototube,  and  a  motor  drive  of  light  which  is  used  to  expose  a  cor-  lutions,  or  at  a  scanning  rate  of  100 
constant  speed  and  each  receiving  responding  unit  on  the  negative  film  lines  per  inch.  The  transmitting 
unit  has  a  cylinder  around  which  the  by  an  amount  which  will  permit  a  scanning  head  contains  a  source  of 
negative  material  to  be  exposed  is  very  close  reproduction  of  the  orig-  li^ht  to  illuminate  a  small  area  in 
wrapped,  a  scanning  head  carrying  inal  shade  in  the  unit  of  the  positive  the  picture  equal  in  size  to  a  scan- 
the  modulated  light  source  and  a  print  of  the  transmitted  picture.  ning  unit  (about  1/100  inch  square) 
motor  drive.  All  systems  have  a  In  practice,  wire  transmission  of  and  a  phototube  to  pick  up  the  light 

means  of  synchronizing  the  trans-  pictures  is  accomplished  in  the  fol-  reflected  from  the  illuminated  area. 
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Th«  transceiTet  unit  contained  in 
two  coMi,  of  Acme  Newt  Pictures 
is  easily  carried  by  one  man  and 
accommodates  pictures  up  to  7  by 
9  inches  in  sise 


The  tronsceiTer  of  International 
News  Photos  con  be  changed  from 
transmitting  to  receiring  by  throw¬ 
ing  one  switch  located  on  the  seem- 
ning  head 


RecelTing  unit  of  the  Associated 
Press.  The  drum  with  the  negotiTe 
film  rotates  in  a  light  tight  cose  to 
giTe  complete  daylight  operation. 
The  film  is  placed  on  and  remoTed 
from  the  drum  in  a  dcakroom 


The  receiving  scanning  head  con¬ 
tains  a  source  of  light  which  may  be 
varied  in  accordance  with  the  signal 
from  the  phototube  pickup  in  the 
transmitter,  or  according  to  the 
amount  of  light  reflected  from  the 
picture  scanning  unit  to  the  photo¬ 
tube.  The  light  is  focused  on  the 
film  in  the  form  of  the  scanning  unit 
in  the  original  picture  and  that  por¬ 
tion  of  the  film  is  exposed  by  the 
proper  amount. 

Modulated  Carrier  Signal 

The  signal  from  the  phototube  is 
used  to  modulate  a  carrier  frequency 
of  about  2,000  cps.  The  modulated 
signal  is  amplified  and  fed  into  the 
telephone  line  by  one  of  several 
methods.  It  may  be  fed  through  a 
transformer  supplied  by  the  tele¬ 
phone  company  and  connected  di¬ 
rectly  to  the  line,  or  it  may  be  fed 
to  the  line  by  means  of  a  coil  placed 
in  close  proximity  to  the  telephone 
receiver  or  the  coils  of  the  bell  box. 
The  signal  is  picked  off  the  line  in 
the  same  manner.  At  the  receiver, 
the  signal  is  demodulated  and  ampli¬ 
fied.  It  is  then  fed  to  the  light 
source  which  may  be  varied  in  ac¬ 
cordance  with  the  variations  of  the 
incoming  signal.  There  are  several 
methods  of  doing  this.  A  crater 
lamp  may  be  employed  whose  in¬ 
tensity  varies  with  the  applied  volt¬ 
age.  The  light  may  also  be  varied 
by  keeping  the  intensity  of  the 
source  constant,  but  varying  the 
cross-sectional  area  of  the  light  beam 
as  it  passes  through  the  optical  sys¬ 
tem.  This  may  be  done  by  vibrating 
a  small  galvanometer  mirror,  which 
reflects  the  light  beam,  in  accord¬ 
ance  with  the  voltage  variations  of 
the  picture  signal.  The  latter  method 
is  applicable  to  either  the  variable 
line  width  or  variable  density  system 
of  shading  reproduction.  The  light 
beam  is  focused  on  an  elementary 
area  of  the  film  and  exposes  the 
entire  film  by  exposing  one  unit  area 
after  another,  in  the  same  order  as 
the  original  picture  is  scanned  in  the 
transmitter,  until  the  process  is  com¬ 
plete.  After  the  completion  of  trans¬ 
mission,  the  film  is  removed  from  the 
cylinder  and  is  developed,  fixed  and 
washed  in  the  usual  manner  after 
which  as  many  positive  prints  as 
■desired  may  be  made.  In  the  de¬ 
veloped  negative  or  the  finished  print 
of  the  transmitted  photograph,  there 
will  be  found  a  large  number  of  nar¬ 
row  lines  which  are  very  slightly 


diagonal.  They  are  called  the  scan¬ 
ning  lines  and  are  caused  by  the 
rotating  motion  of  the  cylinders  and 
the  longitudinal  motion  of  the  scan¬ 
ning  heads  which  cause  the  scanning 
path  to  be  in  the  form  of  a  helix  on 
the  cylinder  which  in  turn  causes  the 
path  to  appear  as  the  large  number 
of  parallel,  slightly  diagonal  lines  in 
the  finished  picture.  However,  these 
lines  are  generally  unnoticeable  when 
the  picture  is  printed  in  a  news¬ 
paper. 

For  transmission  of  news  pictures 
as  quickly  as  possible  from  the  .scene 
of  action  to  the  newspaper  office 
there  have  been  developed  a  number 
of  portable  transmitting  and  trans¬ 
ceiver  units.  They  feature  light 
weight,  small  size  and  simplicity  and 
flexibility  of  operation.  They  are 
small  enough  to  be  carried  in  a  pair 
of  suitcases  and  are  simple  enough 
in  operation  that  they  may  be  oper¬ 
ated  with  full  satisfaction  by  a  non¬ 
technical  person  by  following  printed 
instructions.  Transmission  can  take 
place  from  any  telephone  in  a  hotel 
room,  a  corner  drug  store  or  a  back- 
woods  general  store  as  long  as  there 
is  power  available  to  operate  the 
transmitter.  There  exists  a  differ¬ 
ence  of  opinion  regarding  the  flexi¬ 
bility  of  power  supply  required  in 
such  units.  One  group  holds  forth 
that  where  there  is  a  telephone,  there 
is  almost  certain  to  be  a  110  volt,  ac 
or  dc  power  line  and  designs  its  units^ 
accordingly.  Another  group  says 
that  there  is  undoubtedly  a  storage 
battery  close  to  every  telephone  in 
the  country  and  therefore  designs  its 
equipment  to  work  from  batteries  as 
well  as  from  a  110  volt  pow’er  line. 
The  widespread  use  of  the  auto¬ 
mobile  is  responsible  for  the  latter 
idea.  Also,  if  necessary,  a  storage 
battery  may  be  borrowed  from  the 
auto,  airplane  or  boat  v.’hich  trans¬ 
ported  the  equipment  to  the  locality. 

Field  Telephone  Connections 

In  field  operation  a  coupling  coil 
located  close  to  the  receiver  or  bi‘ll 
box  of  the  telephone  may  be  used  to 
couple  to  the  telephone  line  or  a 
coupling  transformer  may  be  con¬ 
nected  directly  to  the  line,  but  in 
this  case  it  is  necessary  to  notify 
the  telephone  company  so  that  they 
may  make  the  necessary  connections. 
In  some  cases  when  the  importance 
of  the  occasion  warrants  it,  such  as 
the  recent  trans-continental  trip 
across  Canada  by  the  King  and 
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The  Finch  receiver  uaea  a  band  paaa  filler  to  eliminate 
frequenciea  outaide  of  the  operating  range  which  might 
cause  unneceaaary  diatortion  of  the  tranamitted  picture 


Queen  of  Kn^land,  special  telephones 
may  be  installed  for  the  transmis¬ 
sion  of  news  pictures. 

It  is  interestinK  to  note  that  it  is 
possible  to  transmit  photographs  in 
color  as  well  as  in  black  and  white. 
It  is  done  by  transmitting  the  three 
color  separation  negatives  separately 
and  by  the  use  of  the  proper  de¬ 
velopment  and  dyeing  technique  at 
the  receiving  end. 

Commercial  U’lre  TranKmisnion 
Systems 

With  the  general  background 
given,  it  is  now  in  order  to  describe 
some  of  the  features  of  the  various 
commercial  wire  transmission  sys¬ 
tems.  The  Acme  News  Pictures  sys¬ 
tem  now  consists  of  27  stations  lo¬ 
cated  at  strategic  points  throughout 
the  country.  It  is  the  plan  of  this 
organization  to  equip  each  of  its  sta¬ 
tions  with  an  extra  portable  unit 
and  thereby  efficiently  cover  a  con¬ 
siderably  larger  territory.  The  port¬ 
able  transceiver  unit  is  14  inches 
long,  9  inches  high  and  9  inches 
deep  and  weighs  28  pounds.  The 
synchronizing  and  power  unit  for 
the  synchronous  motors  is  in  a  sep¬ 
arate  unit  which  measures  15  inches 
by  9  inches  by  7  inches.  Synchron¬ 
ization  of  the  transmitter  and  re¬ 
ceiver  is  obtained  by  sending  from 
the  transmitter  an  impulse  once  per 
revolution  at  the  start  of  transmis¬ 
sion.  The  impulse  causes  a  neon 
lamp  at  the  receiver  to  glow  momen- 
^rily.  Similarly,  the  receiver  causes 
another  neon  lamp  to  glow  momen¬ 


tarily  at  the  same  point  of  rotation. 
The  speed  of  the  receiver  cylinder  is 
reduced  until  the  two  lamps  glow  at 
the  same  instant  and  the  transmitter 
and  receiver  are  then  in  synchron¬ 
ism.  The  speed  of  rotation  of  the 
receiver  cylinder  is  then  returned  to 
normal.  The  carrier  frequency  is 
1,800  cps  and  the  maximum  modula¬ 
tion  fretiuency  is  750  cps.  Acme 
u.ses  a  coupling  unit  furnished  by 
the  telephone  company  to  couple  to 
the  telephone  lines. 

The  cylinder,  or  drum,  which  ro¬ 
tates  at  100  rpm,  accommodates  pic¬ 
tures  up  to  7  by  9  inches  in  size. 
The  scanning  head  moves  across  the 
picture  at  the  rate  of  one  inch  per 
minute  and  scans  nine  square  inches 
in  one  minute  or  a  complete  picture 
in  seven  minutes.  The  unit  is  de¬ 
signed  to  operate  from  110  volt, 
50-60  cycle  power. 

Leases  Nation-wide  Network 

The  Associated  Press  leases  from 
A.  T.  and  T.  a  nation-wide  network 
of  telephone  lines  over  which  it 
transmits  its  news  pictures.  The 
network  covers  approximately  40 
stations  in  the  larger  cities  of  the 
country.  There  are  also  a  number 
of  portable  transmitters  for  use  by 
the  local  newspapers  and  for  use 
when  a  story  of  national  interest 
breaks  within  several  hundred  miles 
of  a  network  station.  The  portable 
units  are  capable  of  operating  from 
a  variety  of  power  sources:  110 
volts  ac  or  dc,  storage  battery  or  dry 
cells.  A  carrier  frequency  of  2,400 


cps  is  used  and  band  pass  filters  are 
used  on  the  telephone  line  to  pass 
only  the  carrier  frequency  and  its 
sidebands  and  to  exclude  extraneous 
noises  which  would  distort  the  pic¬ 
ture.  The  cylinder  on  which  the  pic¬ 
ture  is  mounted  rotates  at  100  rpm 
and  is  about  twelve  inches  in  circum¬ 
ference.  The  scanning  rate  is  100 
lines  per  minute  and  therefore  in 
one  minute  approximately  twelve 
square  inches  of  picture  area  are 
scanned. 

While  the  detail  transmitted  by 
the  present  equipment  with  a  scan¬ 
ning  rate  of  100  lines  per  inch  is 
considered  to  be  ample  for  present 
newspaper  technique,  the  Associated 
Press  has  under  development  at  this 
time  equipment  capable  of  transmit¬ 
ting  with  a  scanning  rate  of  200 
lines  per  inch  and  will  give  consider¬ 
ably  more  detail  than  is  transmitted 
at  present. 

Finch  Telecommunications,  while 
not  primarily  interested  in  the  com¬ 
mercial  operation  of  a  news  picture 
agency,  has  developed  a  wire  trans¬ 
mission  system  for  such  use  and  does 
at  times  transmit  newspictures.  The 
cylinder  of  the  Finch  equipment 
normally  operates  at  100  rpm,  but 
may  be  operated  at  50  rpm  if  ap¬ 
preciable  static  which  would  impair 
the  quality  of  the  picture,  is  present. 
The  carrier  frequency  is  2,000  cps 
and  the  upper  sideband  is  sup¬ 
pressed  by  filters  in  the  line  which 
pass  a  band  from  1,000  to  2,000  cps. 
The  transmitter  and  receiver  are 
{Continued  on  page  90) 
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Fig.  1 — Complct*  circuit  diagram  and  parts  list  ol  the  recelrer.  As  long  os  a  limited  supply 
laste  copies  of  this  diagram,  approximately  twice  thU  sise,  will  be  furnished  to  readers  who 

desire  to  construct  the  receieer 


A  Television  Receiver  for  the  Home 


A  iiKxlifiration  of  Electronics  ‘’‘laboratory”  receiver,  designed  especially  for  ilomestic  use. 
The  new  design  offers  performance  equal  to  that  of  the  better  commercial  receivers  at  con¬ 
siderably  less  cost,  and  it  may  be  constructed  almost  wholly  with  standard  components 


By  DONALD  (i.  FINK 

.Unnnoina  Editor,  Klertronirit 


The  design  of  the  television  re¬ 
ceiver  described  in  this  article  is 
based  on  the  “Laboratory  Television 
Receiver”  developed  in  Electronien 
laboratory  in  1938,  and  described  in 
the  July  to  December  1938  issues, 
inclusive.  When  the  laboratory  model 
was  completed,  the  author  decided 
that  its  performance  w’as  sufficiently 
good  to  warrant  the  construction  of 
a  similar  receiver  for  home  use. 
Accordingly  a  somewhat  modified  de¬ 
sign  w’as  drawm  up.  Since  the  pro¬ 
ject  w’as  a  personal  one,  the  cost 
had  to  be  kept  to  a  minimum.  Actu¬ 
ally  almost  100  dollars  was  saved 
from  the  cost  of  the  laboratory 
model  by  judicious  cutting  of  cor¬ 
ners,  but  in  no  respect  w’as  perform¬ 
ance  sacrificed  to  cost.  The  com¬ 
plete  cost  of  the  new  receiver  was 
$262,  including  a  $50  9-inch  cathode 
ray  tube.  Further  savings  can  be 
effected  if  a  5-inch  tube  is  used,  and 
if  the  receiver  is  housed  in  a  home¬ 
made  cabinet  (or  none  at  all).  But 
it  is  unlikely  that  reduction  of  cost 
below  $200  can  be  effected  without 
serious  losses  in  fidelity  or  .sensi¬ 
tivity. 

A  second  consideration  in  the  new 
design  was  the  use  of  components 
available  on  the  market,  rather  than 
hand-made  ones.  Fortunately  wide¬ 
band  picture  i-f  transformers  made 
their  appearance  on  the  market  when 
the  design  w’as  in  its  first  stages. 
A  considerable  saving  of  time  as 
well  as  ease  of  reproducing  the  re¬ 
ceiver  were  thereby  gained.  Finally, 
the  new  design  embraced  several 
improvements  in  circuit  arrange¬ 
ments,  notably  a  simpler  and  more 
reliable  sync-separation  system,  the 
inclusion  of  an  automatic  brightness 
control  tube,  and  simplification  of 
the  controls. 

The  new  receiver  was  designed, 
assembled  and  put  into  operation  in 


a  total  time  of  about  24  working 
days.  Since  completion  it  has  been 
in  operation  in  the  author’s  home, 
about  10  miles  airline  from  the  NBC 
transmitter  and  somewhat  below  the 
line  of  sight  (due  to  the  interven¬ 
tion  of  the  Palisades).  For  four 
months  the  receiver  has  given  highly 
.satisfactory  performance  in  all  re¬ 
spects.  The  signal  level  fed  to  the 
antenna  terminals  from  a  single  di¬ 
pole  is  about  1  millivolt,  and  this 
signal  is  more  than  sufficient  to 
cause  severe  “blooming”  (excess 
brightness)  of  the  picture  tube  when 
the  brightness  control  is  set  to  the 
blanking  level.  This  rough-and- 
ready  method  of  estimating  receiver 
.sensitivity  indicates  that  recogniz¬ 
able  pictures  can  be  obtained  down 


Fig.  2 — Right,  front  view  with 
mirror  raiaed.  Fig.  3 — Above,  rear 
view  showing  projective  screen 


to  a  level  of  200  microvolts,  although 
500  microvolts  is  perhaps  the  lower 
limit  for  satisfactory  reception.  In 
any  event  the  sensitivity  is  sufficient 
for  most  locations  within  the  service 
range  of  the  transmitter,  and  a  di¬ 
rectional  antenna  is  ordinarily  re¬ 
quired  only  at  locations  beyond  the 
25-mile  radius. 

The  fidelity  of  the  picture  re¬ 
ceiver,  as  indicated  on  the  repro¬ 
duced  image  of  the  standard  NBC 
test  chart,  is  betw’een  300  and  350 
lines.  The  upper  limit  in  this  case 
apparently  rests  in  the  size  of  the 
scanning  spot  in  the  picture  tube, 
since  the  measured  frequency  re¬ 
sponse  is  dowm  only  10  db  at  4,000,- 
000  cps  in  the  video  circuits.  Sub¬ 
stantially  flat  response  is  obtained 


In  the  first  place,  only  two  channels 
are  provided  for  in  the  r-f  circuits, 
in  the  interests  of  simplicity  and 
low-cost  and  because,  at  present,  no 
more  than  two  signals  are  in  pros¬ 
pect  for  any  reception  area.  Addi¬ 
tional  channels  may  be  added,  read¬ 
ily,  however.  In  the  second  place, 
the  standard  recommendations  of  the 
R.M.A.  have  been  adopted  in  the 
picture  and  sound  i-f  channels,  that 
is,  a  carrier  of  12.75  Me  for  the  pic¬ 
ture  and  a  carrier  of  8.25  Me  for  the 
sound.  (The  double  superheterodyne 
arrangement  of  the  preceding  design 
has  been  wisely  avoided.)  Otherwise 
the  sound  channel  is  conventional. 

The  video  signal  section  differs 
mainly  in  the  addition  of  the  6H6 
automatic  brightness  control  tubt. 
which  adds  very  greatly  to  the  en¬ 
joyment  of  the  programs,  but  is  by 
no  means  essential  to  the  reception 
of  good  images.  The  separation  of 
the  sync  signals  from  the  composite 
video  signal  is  accomplished  by  a 
diode  rectifier  (rather  than  the  tri- 
ode  of  the  previous  design).  Care¬ 
ful  decoupling  of  the  sync  amplifier 
and  separation  circuits  and  the  em¬ 
ployment  of  a  multi-element  R-C  fil¬ 
ter  in  the  vertical  sync  system  have 
contributed  greatly  to  the  stability 
of  the  interlace  performance  of  the 
sync  circuits.  When  the  adjustment 
of  the  circuits  is  correct,  the  inter¬ 
lace  is  maintained  perfectly  over 
periods  as  long  as  three  hours  (the 
longest  consecutive  period  of  opera¬ 
tion  thus  far,  during  the  broadcast¬ 
ing  of  the  Eastern  Grass  Court  ten¬ 
nis  matches). 

The  vertical  and  horizontal  scan¬ 
ning  generators  are  essentially  the 
same  as  in  the  “laboratory”  model, 
with  the  single  exception  that  the 
fine  and  coarse  frequency  controls 
have  been  consolidated  '.nto  single 
“coarse”  controls  which  are  suffi¬ 
cient  for  the  purpose.  The  magnetic 
deflection  scanning  yoke  is  the  stand¬ 
ard  RCA  type  9831.  Two  low  voltage 
power  supplies  are  used  only  be¬ 
cause  a  large  enough  transformer 
could  not  be  obtained  in  the  stand¬ 
ard  lines  to  meet  the  current  re¬ 
quirements  of  the  receiver.  The 
cost  of  making  two  supplies  was  thus 
very  little  more  than  consolidating 
them  in  one  circuit.  The  high  volt- 


Fig.  4 — The  circuits  are  arranged 
in  three  chaasee.  for  power  supply 
(bottom),  scoiming  generators  (right), 
and  signal  circuits  (left) 


struct  the  receiver  and  derive  as 
much  satisfaction  from  it  as  from 
any  commercial  receiver  of  the  same 
proportions,  at  roughly  tw’o- thirds 
the  cost  of  the  commercial  product. 


General  Outline  of  the  Design 

The  electrical  details  of  the  re¬ 
ceiver  are  shown  in  the  complete  cir¬ 
cuit  diagram.  Fig.  1.  The  tube 
line-up  of  the  picture-signal  circuit 
includes  a  6AC7/1852  converter  (no 
r-f  stage),  three  6AC7/1852  picture 
i-f  stages,  a  6H6  second  detector  and 
sync  clipper,  a  6AC7/1852  video  am¬ 
plifier,  a  6H6  automatic  brightness 
control  rectifier,  and  a  type  1800  or 
1804-P4  picture  tube.  The  sound 
channel  includes  two  6AB7/1853 
sound  i-f  stages,  a  6SQ7  second  de¬ 
tector,  a-v-c  and  a-f,  and  a  6V6G  out¬ 
put  stage.  The  sync  and  scanning 
circuits  employ  a  6SJ7  amplifier,  a 
6N7  waveform  separator,  a  6N7  ver¬ 
tical  sawtooth  generator,  a  6C5  ver¬ 
tical  output  tube,  a  6N7  horizontal 
sawtooth  generator,  a  6L6  horizontal 
output  amplifier  and  a  IV  damping 
rectifier.  The  power  supply  includes 
two  low  voltage  supplies  employing 
5Z3  tubes,  one  for  the  signal  chassis 
and  one  for  the  scanning  chassis, 
and  a  high  voltage  (7000  volt  d-c) 
unit  employing  an  879  tube.  In  all 
there  are  23  tubes,  including  the 
picture  tube. 

The  reader  who  is  familiar  with 
the  “laboratory”  model  described 
last  year  in  these  pages  will  find 
many  similarities  and  a  few  impor¬ 
tant  differences  in  the  new  design. 


up  to  3.5  Me.  The  low  frequency 
response,  judged  by  the  ability  of 
the  screen  to  reproduce  “low-key” 
images  (mostly  black  with  small 
white  areas)  is  adequate.  The  phase 
responses,  audio  fidelity,  oscillator 
stability,  synchronizing  and  scan¬ 
ning  performance  are  the  equal,  so 
far  as  can  be  judged  by  eye,  of  the 
higher  priced  commercial  receivers. 
The  receiver  is  much  less  critical  in 
adjustment  than  its  “laboratory” 
predecessor  and  in  fact  can  be  de¬ 
pended  upon  to  start  operating  from 
a  cold  condition  and  to  attain  syn¬ 
chronism  at  once  without  adjust¬ 
ments.  Accordingly  it  is  believed 
that  the  interested  reader  may  con- 


Flg.  5 — Two  Tiows  of  th*  power 
■upply  chaMis  which  contains  two 
low  Toltage  units  and  th*  7000-ToIt 
supply 
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Fiq.  6 — Left,  r-f  coil  dimensions.  Right,  oscillator  coils.  The 
numbers  on  the  leads  correspond  with  those  on  Fig.  1 


ajre  circuit  uses  the  low-capacitance 
type  of  R-C  filter  which  allows  7000- 
volt  operation  without  straininjf  the 
pocketbook  for  filter  capacitors,  and 
at  the  same  time  is  considerably 
.safer  from  the  standpoint  of  elec¬ 
tric  shock. 

physical  An  ntiyrmeuf  of  the  Receiver 

The  front  view  of  the  receiver, 
with  the  mirror  lid  raised,  is  shown 
in  Fi^.  2.  The  mirror  itself  is  i-inch 
plate  jrla.ss  specially  selected  by  the 
nei}?hborhood  glazer  as  having  faces 
both  plane  and  parallel,  and  coated 
with  a  high  quality  silver  mirror 
surface  on  the  back  side.  Reflection 
from  the  front  surface  on  the  mir¬ 
ror,  while  present,  is  not  sufficient 
to  cause  a  double  image  to  be  ap¬ 
parent  when  viewing  the  program. 
The  cabinet  itself  is  a  standard 
product  intended  for  a  radio-phono¬ 
graph  combination,  purchased  from 
a  radio  supply  house.  The  cathode 
ray  tube  is  protected  by  a  lO-by-12 
inch  plate  of  shatterproof  glass.  The 


various  controls  ( .some  of  which  are 
visible  in  the  mirror  in  Fig.  2)  are 
brought  up  through  the  top  partition 
of  the  cabinet,  surrounding  the  pic¬ 
ture  tube.  To  the  left  are  the  sync 
and  scanning-circuit  controls,  to  the 
right  the  signal-circuit  controls,  and 
at  the  front  the  high-voltage  bleeder 
controls  (brightne.ss  and  focus). 
These  controls  issue  from  the  cor¬ 
responding  chas.ses,  as  described  be¬ 
low. 

The  rear  view’  of  the  receiver, 
with  the  protective  screen  in  place 
is  shown  in  Fig.  3.  This  screen, 
made  of  copper  netting,  cannot  be 
removed  without  opening  interlock 
connections  on  both  high  and  low’- 
voltage  power  supplies.  The  screen 
allows  ventilation  of  the  300  watts 
of  power  consumed  and  converted 
to  heat  by  the  set. 

The  view  of  the  interior  of  the 
receiver  with  the  screen  removed 
(Fig.  4)  shows  that  the  circuits  are 
laid  out  in  three  chassis.  At  the 
bottom  is  the  power  supply  chassis. 


including  two  low-voltage  supplies 
and  the  high  voltage  supply.  At 
the  left  is  the  signal  chassis,  with 
antenna  terminals  at  the  top  and 
video  signal  lead  at  the  bottom  lead¬ 
ing  to  the  base  of  the  picture  tube. 
The  picture  tube  with  the  high  vol¬ 
tage  bleeder  resistors  and  controls 
is  mounted  on  a  bakelite  platform 
on  the  pow’er  supply  chassis.  At  the 
right  (view’ed  from  the  rear)  is  the 
.scanning  chassis  which  takes  the 
.sync  pulses  from  the  signal  chassis 
and  generates  the  scanning  current 
for  the  yoke  which  is  supported 
around  the  neck  of  the  picture  tube 
by  brass  brackets.  No  loudspeaker 
is  included  in  the  cabinet,  for  tw’o 
reasons,  first  that  there  w’as  no  room 
for  a  loudspeaker  of  sufficient  size  to 
make  use  of  the  high  fidelity  output, 
and  secondly  to  avoid  magnetic  re¬ 
action  of  the  field  structure  of  the 
speaker  on  the  cathode-ray  scanning 
beam.  The  audio  output  transformer 
is  included  in  the  signal  chassis,  and 
two  leads  about  15  feet  long  are 
brought  out  from  the  rear  of  the 
cabinet  for  the  voice  coil  of  the 
speaker.  In  practice,  a  15-inch  loud¬ 
speaker  in  a  all-wave  broadcast  re¬ 
ceiver  has  been  used.  No  acoustic 
feedback  or  other  instability  has 
been  found. 

The  Power  Supply  Chassis 

The  division  of  the  circuits  in  the 
three  chasses  is  indicated  by  dotted 
lines  on  Fig.  1.  At  the  right  is  the 
power  supply  section.  The  top  and 
below’-decks  view’s  of  this  chassis  are 
shown  in  Fig.  5.  The  supply  for  the 
signal  circuits  is  arranged  in  a  line 
along  the  lefthand  edge  of  the 
chassis.  It  includes  a  two-section 
filter.  A  similar  supply  arranged 
along  the  opposite  edge  supplies 


fig*  7 — Top  and  bottom  riewg  of  the  signal  chassis,  which  includes  all  circuits  from  antenna 
to  cathode-ray  tube  and  loudspeaker 
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Fi9<  8 — Top  and  bottom  riewt  of  the  scanning  generator  chastii,  which  includes  sync  signal 
amplifiers  and  separator  circuits.  The  scatming  yoke  appears  at  the  left 


power  to  the  scanning  chassis, 
through  a  single-section  filter.  Six- 
conductor  cables  with  standard  plug 
and  socket  connectors  lead  from  the 
low  voltage  power  supplies  to  the 
chasses  immediately  above  them. 

The  high-voltage  supply  occupies 
the  center  of  the  chassis  (Fig.  5). 
The  high  voltage  transformer  is  an 
Acme  neon-sign  transformer,  model 
207,  rated  at  7500  volts,  r-m-s.  A 
resistor  in  series  with  the  primary 
of  this  transformer  limits  the  out¬ 
put  voltage  of  the  supply  to  7000 
volts  d-c,  and  insures  that  the  trans¬ 
former  is  operating  well  under  its 
maximum  rating.  This  increases  the 
life  expectancy  of  the  transformer. 

The  rectifier  is  a  type  879  tube, 
which  is  operated  above  its  maxi¬ 
mum  rating,  but  which  appears  to 
give  good  service.  The  type  2V3G, 
which  made  its  appearance  after  the 
supply  was  built,  is  a  better  tube  for 
the  purpose.  The  filter  capacitors 
are  G.E.  pyranol  units,  type  23F73, 
rated  at  0.03  Mf,  7000  volts  d-c.  The 
resistor  R^m  between  them  consists 
of  three  150,000  carbon  units  in 
series.  The  bleeder  consists  of  R^, 
100,000  ohm  brightness  control;  Rn, 
two  15P,000-ohm  carbon  units;  R», 
two  325,000-ohm  units;  R^,  a  500,- 
000-ohm  focus  control;  and  /J,oo,  ten 
500,000-ohm  units  in  series.  The 
leads  from  bleeder  to  the  picture 
tube  are  made  across  the  bakelite 
platform  directly  to  the  socket.  Ex¬ 
tension  rods  from  and  R^,  as 
.shown  in  Fig.  4,  lead  directly  up¬ 
ward  to  knobs  above  the  cabinet 
partition.  The  interlock  consists  of 
two  tubular  fuse  mounts  connected 
in  series  with  the  power  supply, 
mounted  on  the  chassis,  which  en¬ 
gage  clips  on  the  protective  wire 
screen.  From  these  clips  wires  lead 
upward  around  the  edge  of  the 


frame  to  similar  clips  which  are 
engaged  by  fuse  mounts  near  the  top 
of  the  cabinet.  Wires  from  these 
mounts  extend  to  the  on-off  switches. 
Removing  the  wire  screen  thus 
breaks  the  circuit  directly  in  series 
with  the  on-off  switch,  in  two  places. 
Two  complete  interlock  circuits  are 
employed,  one  in  series  with  the 
high  voltage  transformer  primary, 
and  the  other  in  series  with  all  the 
other  transformer  primaries.  The 
arrangement  allows  independent  con¬ 
trol  of  the  high  and  low  voltage 
circuits,  which  is  a  distinct  advan¬ 
tage  in  development  work,  but  not 
necessary  otherwise. 

The  Signal-Circuit  Chassis 

The  signal  circuit  chassis,  shown 
within  dotted  lines  in  the  upper  por¬ 
tion  of  Fig.  1,  includes  all  circuits 
between  the  antenna  and  the  cathode- 
ray  tube  control  grid  and  between 
antenna  and  loudspeaker  voice  coil. 
The  r-f  circuits  are  based  on  the 
design  of  the  Andrea  Radio  Cor¬ 
poration,  and  are  essentially  the 
same  as  those  employed  in  the  tele¬ 
vision  kit  manufactured  by  that 
company.  Since  these  parts  are  not 
available  separately,  it  is  necessary 
for  the  constructor  to  wind  the  coils 
by  hand.  The  coil  data,  shown  in 
Fig.  6,  is  published  by  the  permis¬ 
sion  of  the  Andrea  Radio  Corpora¬ 
tion.  The  antenna  coil  consists  of 
four  windings  (L,  L,  L,  L«)  wound 
of  No.  26  enamelled  copper  wire  on 
a  i-inch  outside  diameter  form.  Coil 
Li  is  two  turns,  center-tapped,  close 
wound.  Coil  L,  is  six  turns  of  the 
same  wire,  and  is  close-wound  di¬ 
rectly  alongside  coil  Li  with  no 
separation  between  the  two  coils. 
Coil  L,  is  four  turns  of  the  same 
wire,  close  wound  and  separated 
exactly  17/64th  inch  from  L.  on  the 


.same  form.  The  pick-up  coil  L,  is 
two  turns  of  the  .?ame  wire,  space 
4th  inch  from  L,  on  the  same  form. 
The  details  are  shown  in  Fig.  6. 

The  oscillator  coil  consists  of  three 
windings  on  a  Sth-inch  outside  di¬ 
ameter  form.  The  pick-up  coil  L,'  is 
one  and  two-fifths  turns  of  No.  22 
enamelled  copper  wire  close  wound. 
The  grid  coil  L,  is  two  and  one-fifth 
turns  of  No.  22  wire  close  wound 
and  spaced  exactly  1  16th  inch  from 
L/.  The  plate  coil  Li  is  two  and 
four-fifths  turns  of  No.  22  wire  on 
the  same  form  and  wound  directly 
adjacent  to  L,.  The  two  coil  forms 
(antenna  and  oscillator)  are  mount¬ 
ed  at  least  three  inches  apart,  so 
that  no  couplings  exists  between 
them  except  through  the  coils  L,-L,'. 

The  tuning  capacitors  employed 
are  tubular  adjustable  units  manu¬ 
factured  by  RCA  which  can  be  .ad¬ 
justed  and  locked  in  position.  Any 
good  quality  air-trimmer  capacitors 
will  suffice.  Switching  between  bands 
is  accomplished  by  a  three-pole  dou¬ 
ble-throw  rotary  switch.  The  three 
ggi  capacitor  units  are  .small  zero 
temperature  coefficient  units  which 
aid  in  maintaining  the  circuit  ad¬ 
justment.  The  variable  trimmer  C„ 
in  the  oscillator  circuit  is  brought 
out  to  a  knob  at  the  rear  of  the  set, 
and  seldom  needs  adjustment.  How¬ 
ever,  it  might  be  desirable  to  make 
this  control  available  through  the 
cabinet  partition  in  the  same  man¬ 
ner  as  the  other  controls. 

The  picture  i-f  stages  employ 
6AC7/1852  tubes  to  obtain  maximum 
gain,  although  6AB7/1853  tubes  are 
somewhat  preferable  when  lower 
gain  can  be  tolerated.  The  i-f  coup¬ 
ling  units  are  manufactured  by  the 
F.  W.  Sickles  Company  and  were  de¬ 
scribed  in  the  May,  1939  issue  of 
Electronics,  pages  21  and  22.  Units 
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T„  T„  T,  and  T,  are  permeability- 
tuned  wide-band  picture  i-f  units 
with  trap  circuits  included  while  T» 
and  T^  are  the  sound  i-f  units,  some¬ 
what  similar  but  displaying?  a  band 
width  of  roughly  150  kc.  Unit  is  a 
rejector-acceptor  unit  in  the  sound 
i-f  input.  The  connections  indicated 
correspond  to  the  markings  on  the 
cases  of  the  units,  all  of  which  ex¬ 
cept  T,  mount  under  the  chassis. 

The  sound  system  is  completely 
conventional  except  for  the  rather 
high  value  of  i-f  intermediate  fre¬ 
quency,  8.25  Me.  It  is  aligned  in  the 
conventional  way,  by  applying  400- 
cp.s-modulated  8.25  Me  carrier  to  the 
grid  of  the  last  sound  i-f  tube  and 
tuning  for  maximum  output  at  the 
sound  second-detector  load,  then  re¬ 
peating  for  the  next-to-last  sound 
i-f  stage.  Full  alignment  instruc¬ 
tions  are  supplied  with  the  coupling 
units  by  the  manufacturer. 

The  picture  i-f  alignment,  which 
pre.sents  a  considerably  more  difficult 
procedure,  is  likewi.se  outlined  by 
the  manufacturer.  The  author  was 
fortunate  in  having  available  the 
services  of  a  first-class  i-f  sweep 
oscillator  and  oscilloscope,  so  that 
alignment  could  be  performed  vis¬ 
ually.  This  is  by  all  odds  the  simpl¬ 
est  method,  but  it  is  <iuite  possible 
to  align  the  stages  with  a  signal 
generator  in  point-by-point  fashion 
if  sufficient  time  and  patience  are 


available.  If  point-by-point  align¬ 
ment  is  employed,  each  stage  should 
be  aligned  as  a  separated  unit,  using 
an  external  detector  to  obtain  the 
output  readings.  Then  the  three 
stages  are  combined  and  an  overall 
check  of  response  vs.  frequency  is 
performed.  If  the  overall  response 
is  not  satisfactory,  slight  adjust¬ 
ments  to  each  of  the  stages  may  be 
made,  but  any  attempt  to  compensate 
for  the  deficiencies  of  one  stage  by 
overcompensation  in  another  stage  is 
apt  to  introduce  undesirable  pha.se 
responses.  Hence  the  need  for  mak¬ 
ing  each  stage  behave  properly  as  a 
unit  before  combining  it  with  the 
others.  The  picture  i-f  system  is 
capable  of  delivering  a  gain  of  about 
3,000  to  4,000  over  a  bandwidth  of 
3.95  Me.  The  gain  control  of  the 
picture  i-f  .system  (contrast  control 
of  the  receiver)  is  the  manual  con¬ 
trol  /?„  which  applies  bias  to  the 
first  two  picture  i-f  amplifier  tubes. 
The  control  operates  very  satisfac¬ 
torily  and  introduces  no  difficulties 
from  feedback. 

The  picture  second  detector  (the 
left  hand  section  of  the  6H6)  oper¬ 
ates  into  a  filter-coupling  arrange¬ 
ment.  The  coils  L-  and  Ls  are  uni¬ 
versal  wound  chokes,  but  any  coils  of 
the  indicated  inductance  will  suffice. 
The  signal  for  the  video  amplifier  is 
taken  from  the  mid-shunt  tap  of  the 
filter  element.  The  capacitor  Cm 


9 — RCA-NBC  test  chart,  reproduced  by  the  receirer  irom  a  one 
miUlTolt  signal  under  normal  conditions.  The  actual  sixe  of  the 
image  was  8  by  6  inches 
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serves  no  real  purpose  (since  the 
d-c  restorer  tube  follows  later  in  the 
circuit)  and  hence  may  be  omitted. 
If  it  is  omitted,  R33  may  also  be  dis¬ 
pensed  with. 

The  video  amplifier  is  substan¬ 
tially  the  same  as  that  used  in  the 
“laboratory”  receiver  previously  de¬ 
scribed.  The  peaking  coil  L,o  is  a 
universal  wound  choke,  but,  as  in  the 
case  of  Lt  and  Ls,  may  have  almost 
any  form  provided  it  has  the  indi¬ 
cated  inductance.  The  d-c  restorer 
rectifier  (automatic  brightness  con¬ 
trol)  serves  to  develop  a  bias  on  the 
cathode  ray  tube  grid  which  is  equal 
to  the  peak  level  of  the  output  video 
signal,  and  hence  remains  fixed  re¬ 
gardless  of  changes  in  the  waveform 
of  the  video  signal.  The  average  d-c 
component  applied  to  the  picture 
tube  control  grid  then  depends  on 
the  average  of  the  picture  signal, 
and  the  average  brightness  of  the 
.scene  is  correctly  reproduced.  In 
operation  the  screen  of  the  picture 
tube  is  dark  until  the  picture  signal 
appears,  whereupon  the  screen  as¬ 
sumes  a  level  of  brightness  propor¬ 
tional  to  the  level  actually  being  sent 
from  the  transmitter.  Fade-outs  in 
motion  pictures  and  similar  changes 
in  brightness  are  thereby  properly 
reproduced.  The  6H6  automatic 
brightness  tube  performs  the  only 
function  not  performed  in  the  labor¬ 
atory  receiver. 

The  sync  separation  function  (per¬ 
formed  by  the  right-hand  section  of 
the  first  6H6  tube,  in  conjunction 
with  the  second  detector)  operates 
by  virtue  of  the  fact  that  the  bias 
developed  by  this  tube  approximates 
the  blanking  level  in  the  video  sig¬ 
nal,  and  hence  the  only  current  flow¬ 
ing  through  the  diode  elements  is 
that  due  to  the  sync  pulses.  A  filter 
consisting  of  L,.  (two  pies  of  a  4-pie 
2.5  millihenry  r-f  choke)  and  C« 
serves  to  prevent  the  passage  of  any 
i-f  components  to  the  sync  circuits. 
The  wire  leading  from  L»  to  the 
scanning  chassis  is  a  2-foot  length 
of  shielded  concentric  cable  with  a 
standard  plug-and-socket  connector. 

The  photographs  in  Fig.  7  show 
the  top  and  bottom  views  of  the 
signal  circuit  chassis  just  described. 
The  four  controls  which  issue  from 
the  top  of  the  chassis  (as  mounted 
in  the  cabinet)  are  the  tone  control 
Rti,  the  contrast  control  and  vol¬ 
ume  control  iJw,  and  the  station- 
selector  switch.  As  viewed  in  Fig. 
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Fig.  10 — Image!  photographed  directly  from  the  mirror  of  the  receiTer,  during  the  telecast  of 
"The  DonoTon'  Affair"  from  the  NBC  transmitter.  Exposures  1  lOth  second,  at  f  '4.5,  Agfa 
Superpon  Press,  enlargement  about  four  times 

7,  the  top  side  of  the  chassis  shows  the  high-frequency  horizontal  sync  horizontal  “wedges”  of  converging 
the  sound  channel  toward  the  front  pulses  will  be  present  to  exert  con-  lines)  is  about  350  lines,  that  is,  the 
of  the  picture  and  the  picture  chan-  trol  of  the  vertical  scanning  genera-  wedges  are  resolved  to  the  center 
nel  toward  the  rear.  The  layout  is  tor.  The  controls  brought  out  to  circles.  In  the  horizontal  direction 
not  critical  but  should  insure  the  the  cabinet  partition  are  nine  in  the  detail  limit  (indicated  by  the 
shortest  possible  leads  from  picture  number:  vertical  hold  control  /?„;  vertical  wedges),  lies  between  300 
i-f  tubes  to  the  coupling  units,  as  vertical  size  control  R--^;  vertical  and  350  lines.  The  principle  defect 
well  as  short  leads  in  the  second  peaking  control  vertical  distri-  of  the  pattern  is  the  increase  in  con- 
detector  and  video  sections  of  the  bution  control  R^^;  vertical  centering  trast  from  top  to  bottom  of  the 
receiver.  control  R^',  horizontal  hold  control  picture,  which  is  probably  occa.sioned 

The  alignment  of  the  r-f  portions  Rs»;  horizontal  size  control  R^^;  and  by  improper  phase  response  at  60 
of  the  receiver  is  as  described  in  the  horizontal  centering  control  R„..  It  cycles  of  the  video  amplifier.  How- 
articles  on  the  laboratory  receiver,  has  been  found  very  desirable  to  ever,  the  defect  is  noticeable  only 
For  those  readers  who  do  not  have  have  all  these  controls  available,  al-  on  the  test  pattern,  and  not  during 
the  July  to  December  1938  issues  of  though  they  require  only  occasional  regular  programs.  It  should  be  noted 
Electronics,  the  series  of  articles  is  adjustment.  In  all  there  are  16  that  the  tendency  of  the  image  to 
available  in  reprint  form  in  the  controls  including  the  on-oflf  switch,  “tear”  due  to  the  picture  signal 
booklet  “Television  Receiver  Prac-  Of  these  only  seven  require  adjust-  influencing  the  synchronizing  cir- 
tice”,  issued  by  the  Electronics  edi-  ment  from  day  to  day.  These  con-  cuits,  which  was  noticeable  in  the 
torial  department  at  a  price  of  50  trols,  which  have  been  fitted  with  “laboratory”  receiver,  i.s  completely 
cents.  red  knobs,  are  vertical  hold,  hori-  absent  in  the  present  model. 

zontal  hold,  brightness,  focus,  con-  Figure  10  shows  two  images  pho- 
Scanning  Chassis  trast,  volume,  and  station  selector.  tographed  from  the  noi  mal  viewing 

The  remaining  chassis  is  the  scan-  Examples  of  received  images  are  position  (i.e.  camera  aimed  at  the 
ning  chassis,  shown  at  the  bottom  of  shown  in  Figs.  9  and  10.  Figure  9  mirror)  of  scenes  from  “The  Dono- 
Fig.  1  and  illustrated  photographic-  is  the  standard  NBC  test  pattern,  van  Affair”,  a  mystery  drama  re¬ 
ally  in  Fig.  8.  The  reader  is  referred  The  picture  was  taken  directly  into  cently  telecast  from  the  NBC  stu- 
to  the  above-mentioned  articles  on  the  mirror  of  the  receiver  when  it  dios.  The  detail  is  indicated  by  the 
the  laboratory  receiver  for  a  descrip-  was  operating  at  the  fore-mentioned  pattern  on  the  actor’s  tie  (at  the 
tion  of  the  operation  of  the  blocking  location  (10  miles  from  the  trans-  left),  and  by  the  sharp  distinction 
oscillator  and  amplifier  circuits,  as  mitter,  signal  level  about  1  milli-  between  black  and  white  at  the  edge 
well  as  of  the  methods  of  testing  volt).  This  illustration  does  not  do  of  the  tie. 

linearity  and  other  aspects  of  sync  justice  to  the  receiver  in  all  respects,  The  apparent  .detail  of  the  scene 
performance.  The  only  significant  since  the  photographic  processes  and  at  the  right  is  less  than  that  at  the 
difference  between  the  circuits  of  the  photoengraving  have  obliterated  left,  but  this  is  due  to  the  fact  that 
the  laboratory  receiver  and  the  pres-  some  of  the  detail  actually  present  the  figures  are  smaller.  The  image 
ent  design  is  the  inclusion  of  the  in  the  received  image.  However,  is  somewhat  unusual  in  that  it  has 
filter  Cm,  Rio,  Cm,  Rn,  Cto  in  the  input  the  image  is  otherwise  representa-  a  greater  depth  of  perspective  than 
of  the  vertical  blocking  oscillator,  tive  of  the  normal  performance.  The  most  photographs  of  television  pic- 
This  filter  insures  that  none  of  vertical  detail  (indicated  by  the  tures  display. 
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Institute  of  Radio  Engineers 

Fourteenth  Annual  Convention 

September  20-23,  1939,  Hotel  Pennsylvania,  New  York,  N.  Y. 

Program 


WEDNESDAY,  SEPT.  20 

9:00  A.  M. 

Registration 

10:00  A.  M.— 12:00  NOON 

Oponing  addrou  by  R.  A.  Heising,  President  of  the 
Institute. 

"A  Single-Sideband  MUSA  Receieing  System  for  Com¬ 
mercial  Operation  on  Transatlantic  Radiotelephone  Cir¬ 
cuits."  by  F.  A.  Polkinghorn,  Bell  Telephone  Laboratories. 
New  York.  N.  Y. 

"Medium-Power  Marine  Radiotelephone  Equipment."  by 
I.  F.  McDonald.  Radiomarine  Corporation  of  America. 
New  York.  N.  Y. 

2:00  P.  M.  -4:00  P.  M. 

"The  Comer  Rellector,"  by  I.  D.  Kraus,  Ann  Arbor. 
Michigan. 

"Gaseous  Ionisation  and  Sutiace-Corona-Discharge  Detec¬ 
tion  at  Low  and  High  Frequencies,"  by  H.  A.  Brown, 
University  of  Illinois,  Urbana,  Ill. 

"A  New  Standard  Volume  Indicator  and  Reierence  Level," 
by  H.  A.  Chinn.  Colombia  Broadcasting  System,  New 
York.  N.  Y.;  D.  K.  Gannett  Bell  Telephone  Laboratories, 
New  York.  N.  Y.;  and  R.  M.  Morris.  Notional  Broad¬ 
costing  Company.  New  York.  N.  Y. 

"Vestigial-Sideband  Filters  for  Use  With  a  Television 
Transmitter."  by  G.  H.  Brown.  RCA  Monuiacturing  Com¬ 
pany,  Camden.  N.  I. 

A  Cathode-Ray  Frequency-Modulation  Generator,  by  R.  E. 
Shelby.  National  Broadcosting  Company.  New  York. 
N,  Y. 


THURSDAY,  SEPTEMBER  21 

10:00  A.  M.— 12:00  NOON 

"Solar  Cycle  and  the  F,  Region  ol  the  Ionosphere,"  by 
W.  M.  Goodall,  Bell  Telephone  Laborotories,  New  York, 
N.  Y. 

"Attenuodon  oi  High  Frequencies  Over  Land  at  Short 
Ranges,"  by  lohn  Hessel,  Signal  Corps  Laboratories.  Fort 
Monmouth.  N.  J. 

"Demonstration  of  Aerological  Radio  Sounding  Equipment." 
by  Harry  Diamond,  F.  W.  Dunmore,  W.  S.  Hinman,  Jr., 
and  E.  S.  Lopham,  Notional  Bureau  ol  Standards. 
Washington.  D.  C. 

12:30  P.  M.— 2:00  P.  M. 

Informal  Luncheon:  Presentation  oi  the  Institute  Medal  oi 
Honor  to  Sir  George  Lee  of  the  British  Post  Office  and 
the  Morris  Liebmann  Memorial  Prise  to  H.  T.  Friis  of 
Bell  Telephone  Laboratories. 

2:30  P.  M.— 5:00  P.  M. 

"A  Porallel-T  Circuit  for  Measuring  Impedance  at  Radio 
Frequencies."  by  D.  B.  Sinclair.  General  Radio  Company. 
Cambridge,  Moss. 

"lOgh-Speed  Multiplex  System  for  Loaded  Submarine 
Cables."  by  H.  H.  Haglund  and  A.  W.  Breyfogel, 
Western  Union  Telegraph  Company.  New  York.  N.  Y. 

"Electronic-Wave  Theory  of  Velocity-Modulation  Tubes,"  by 
Simon  Romo.  General  Electric  Company,  Schenectady. 


On  Refraction  and  Radiation  of  Electromagnetic  Waves," 
by  S.  A.  Schelkunoif,  Bell  Telephone  Laboratories,  New 
York.  N.  Y. 


FRIDAY,  SEPTEMBER  22 

10:00  A.  M,— 12:00  NOON 

'Cathode  Ray  Tubes  in  Aircraft  Instrumentation,"  by  C.  W. 
Carnahan,  Hygrade  Sylvonia  Corporation.  Emporium, 
Penna. 

'A  True  Omniddirectional  Rodio  Beacon,"  by  E.  N.  D’na<ey. 
Jr..  United  States  Navy  Department.  Washington,  D.  C. 

'Basic  Economic  Trends  in  the  Radio  Industry,"  by  Julius 
Weinberger.  Radio  Corporation  oi  America,  New  York, 
N.  Y. 

'Engineering  Administration  in  a  Small  Manufacturing 
Company,"  by  C.  T.  Burke.  General  Radio  Company, 
Cambridge,  Mass. 

2:00  P.  M.— 4:00  P.  M. 

‘Aircraft  Radio  Compasses — Principles  and  Testing."  by 
R.  J.  Fromme,  Aircraft  Radio  Laboratory,  Wright  Field, 
Ohio. 

'Errors  in  Qosed-Loop  Direction  Finders  Caused  by 
Abnormal  Polarisation."  by  R.  I.  Cole,  Signal  Corps 
Laboratories,  Fort  Monmouth,  N.  J. 


SATURDAY,  SEPTEMBER  23 

10:00  A.  M.— 12:30  Noon 

"Functioru  oi  Electron  Bombardment  in  Television,"  by 
I.  G.  Maloii,  RCA  Manufacturing  Company.  Camden,  N.  J. 

"Transient  Response  in  Television,"  by  H.  E.  Kallmann, 
formerly  of  Electrical  &  Musical  Industries,  Ltd.,  in 
collaboration  with  R.  E.  Spencer  and  S.  P.  Singer.  Elec¬ 
trical  and  Musical  Industries.  Ltd.;  Hayes.  Middlesex, 
England. 

"A  Wide-Band  Inductive-Output  Amplifier."  by  A.  V.  Haeff, 
and  L.  S.  Nergaard.  RCA  Manufacturing  Company, 
Harrison,  N.  J. 

2:00  P.  M.— 4:30  P.  M. 

"Superheterodyne  First-Detector  Considerations  in  Tele¬ 
vision  Receivers,"  by  E.  W.  Herold.  RCA  Manufacturing 
Company,  Harrison,  N.  J. 

"Development  oi  a  20-Kilowatt  Ultra-High-Frequency 
Tetrode  for  Television  Service."  (In  three  ports.) 

Part  I.  "Electrical  Design,"  by  A.  V.  Haeff,  L.  S.  Nergaard, 
RCA  Manufacturing  Company.  Harrison,  N.  J.,  and  W.  G. 
Wagoner  ’and  P.  D.  Zottu,  ’formerly  of  RCA  Manufactur¬ 
ing  Company,  Harrison,  N.  J. 

Part  II.  "Construction."  by  R.  B.  Ayer.  RCA  Manufacturing 
Company,  Harrison.  N.  J..  and  P.  D.  Zottu,’  formerly  oi 
RCA  Manufacturing  Company,  Harrison.  N.  J. 

Part  III.  "Test  Equipment  and  Results,"  by  R.  B.  Ayer  and 
H.  E.  Gihring,  RCA  Manufachuing  Company,  Harrison, 
and  Camden.  N.  J.,  respectively. 

"Production  Alignment  Apparatus  for  Television  Receivers," 
by  L  J.  Hartley.  Generol  Electric  Company.  Bridgeport. 
Conn. 


(1(  Resigned,  now  with  Heints  and  Kauiatan,  Ltd.,  South  San- 
Francisco,  CalU. 

(2)  Resigned,  now  with  Thermal  Engineering  Corporation, 
Atlanta,  Ga. 
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Fig.  1 — Condenser  Ci.  which  is  charged  to  a  Toltage  deter¬ 
mined  by  the  neon  tubes,  Ni,  acts  os  a  power  reserroir  lor 
for  the  time  lapse  circuit 


Fig.  2 — The  time  of  exposure  is  determined  by  the  con- 
ductiTity  of  the  phototube.  P,  which  is  determined  by  the 
intensity  of  light  falling  on  it 


The  contributions  of  photography 
to  the  development  of  the  elec¬ 
tronics  industry  are  not  very  ex¬ 
tensive,  although  they  are  highly 
important.  Perhaps  the  most  fa¬ 
miliar  example  of  this  use  of  pho¬ 
tography  is  represented  by  the 
oscillographic  records  made  with  a 
string  or  cathode-ray  oscilloscope. 
Photographs  of  natural  as  well  as 
man-made  lightning,  of  the  paths 
of  elementary  charged  particles  in 
atomic  physics,  and  radiographs  of 
tube  structures  have  all  aided  in 
the  development  of  the  electronics 
industry. 

But  one  branch  of  research  and 
knowledge  climbs  upon  the  back  of, 
and  benefits  from  another  branch. 
Just  as  electronics  has  benefited 
from  the  use  of  photography,  so  has 
photography  made  extensive  use  of 
the  products  and  knowledge  in  the 
electronics  field.  For  example,  as  a 
result  of  many  improvements  in  the 
design  and  manufacture  of  incandes¬ 
cent  lamps,  photographers  have 
available  photofiash  and  photoflood 
lamps,  as  well  as  bulbs  for  general 
lighting.  Electronic  equipment  is 
used  in  the  manufacture  of  photo¬ 
graphic  materials.  The  high  speed 
photographic  technique  developed  by 
Edgerton  and  his  associates  at  the 
Massachusetts  Institute  of  Tech¬ 
nology,  depends  entirely  upon  the 
application  of  equipment  and  prin¬ 


ciples  developed  by  electronics  en¬ 
gineers.  This  high  speed  photo¬ 
graphic  technique  makes  possible 
the  production  of  motion  pictures 
which  greatly  reduce  the  apparent 
speed  at  which  the  photographed 
subject  moves. 

At  the  other  end  of  the  time 
.spectrum,  if  we  may  use  that  term, 
is  the  time  lapse  photographic  tech¬ 
nique  which  greatly  increases  the 
apparent  speed  with  which  a  subject 
moves.  Ordinary  slow  motion  pho¬ 
tographs  are  familiar  to  every  mo¬ 
tion  picture  enthusiast,  but  the  ap¬ 
parent  speed  change  can  be  carried 
to  great  lengths.  Thus,  motion 
which  is  totally  imperceptible  to  the 
eye  may  be  made  to  appear  like  the 
dance  of  a  whirling  dervish,  under 
the  appropriate  conditions. 

Fundamentals  of  Time  Lapse 
Photography 

The  basis  of  slow  motion  pho¬ 
tography  lies  in  the  relative  rates  of 
speed  with  which  the  original  sub¬ 
ject  is  photographed  and  projected 
onto  a  screen.  If  the  original  sub¬ 
ject  is  photographed  at  a  very  slow 
rate  (i.e.,  with  a  lapse  of  time  be¬ 
tween  successive  exposures  which  is 
large  compared  to  the  duration  of 
the  exposure  time  of  the  individual 
motion  picture  frames)  and  the  film 
projected  at  the  normal  speed,  any 
motion  which  has  taken  place  during 


the  successive  exposures  is  appar¬ 
ently  speeded  up.  To  illustrate  this 
point  let  n  be  the  number  of  frames 
per  unit  time  which  are  photo¬ 
graphed  of  the  original  subject,  and 
let  p  be  the  number  of  frames  pro¬ 
jected  during  the  same  unit  of  time. 
Then,  the  apparent  speed  ratio,  S, 
will  be 

S  =  p/n 

so  that  by  varying  either  »  or  p  (or 
both)  the  apparent  speed  change 
can  be  made  any  desired  amount 
within  reason.  Ordinarily  the  speed 
of  projection  is  24  frames  per  .sec¬ 
ond,  so  that  if  the  second  is  used 
as  the  unit  time,  p  =  24.  If  now  the 
second  is  used  as  the  time  unit  and 
the  original  subject  is  photographed 
with  a  time  lapse  of  ona  hour  be- 

1 

tween  successive  exposures,  n  =  30^1’ 
p  =  24,  and  consequently  the  speed 
ratio  is  S  =  86,400.  With  a  speed 
ratio  as  great  as  this,  a  full  year’s 
growth  of  a  plant  may  be  seen  on  the 
screen  ih  6.1  minutes.  The  human 
eye  and  brain  may  not  discern  slight 
day-to-day  changes  in  a  growing 
plant,  but  they  cannot  fail  to  observe 
the  important  alterations  taking 
place  when  viewing  a  film  having 
such  alterations  in  time. 

Extreme  care  must  be  taken  in  the 
preparation  of  time  lapse  films  be¬ 
cause  the  element  of  time  involved 
in  making  the  original  motion  pic- 
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Electron  tube  equipiiieiit.  used  to  control  automatically  and  completely  a  motion  pic¬ 
ture  camera  in  time  lapse  photography,  aids  in  research  studies  at  Rutgers  University 


By  BEVERLY  DUDLEY 

Annorinte  Editor 


Flq.  3 — A  simpliiisd  schematic  diagram  oi  the  time  telescope  unit. 
Correlation  oi  the  circuits  determining  exposure  time  and  interTal 
between  exposure  is  eiiected  by  a  system  of  timed  relays 


ture  film  is  very  important.  A  com¬ 
plete  record  of  a  jjrowing  plant,  of 
the  construction  of  a  bridpre  or 
building,  or  of  any  other  slowly 
moving  process  may  take  months  or 
even  years  to  complete.  In  many 
cases  there  is  only  one  opportunity 
to  make  a  suitable  record,  and  that 
record  must  be  absolutely  correct 
from  beginning  to  end,  without 
errors,  interruptions,  breakdowns, 
or  other  undesirable  conditions  tak¬ 
ing  place.  Moreover,  the  photo¬ 
graphic  process  must  take  into  ac¬ 
count  the  vicissitudes  of  time, 
weather,  and  other  factors  likely  to 
affect  the  photographic  process  dur¬ 
ing  the  making  of  the  entire  film. 

Equipment  which  meets  all  reason¬ 
able  requirements  for  time  lapse 
photography  has  been  developed, 
over  a  period  of  years,  at  Rutgers 
University,  primarily  for  the  study 
of  plant  growth.  Several  complete 
control  units  for  actuating  the 


camera  and  the  illumination  have 
been  built.  The  latest  of  these, 
called  the  “Time  Telescope”  by  Clin¬ 
ton  P.  Veber  who  developed  the  de¬ 
vice,  is  almost  uncanny  in  the  opera¬ 
tions  it  will  perform.  It  has  been 
in  use  for  a  sufficiently  long  period 
of  time  to  be  thoroughly  tested 
under  all  conditions  of  operation. 
Most  important  of  all,  from  the 
standpoint  of  readers  of  Electronics, 
is  the  fact  that  the  control  equip¬ 
ment  is  entirely  electronic  in  opera¬ 
tion  and  has  no  moving  parts  other 
than  the  control  knobs  and  the  relay 
contacts. 

The  time  telescope  is  a  compact, 
rugged,  foolproof  —  and  especially 
for  the  multitude  of  operations  it 
performs  —  comparatively  inexpen¬ 
sive  unit  for  controlling  the  oper¬ 
ation  of  a  motion  picture  camera 
used  in  conjunction  with  it.  It  is 
fully  automatic  in  operation,  will 
operate  under  any  reasonable  con¬ 


ditions  of  temperature  or  humidity, 
is  completely  electro-optical  in  oper¬ 
ation  and  will  make  exposures  any¬ 
where,  at  any  time,  under  light  of 
varying  or  constant  intensity  or 
spectral  distribution.  So  long  as 
there  is  film  in  the  camera  and  power 
is  supplied  to  the  time  telescope, 
time  lapse  exposures  will  be  made 
under  the  conditions  for  which  the 
unit  is  adjusted.  Through  the  use 
of  control  circuits  in  w’hich  a  photo¬ 
tube  and  RC  discharge  elements  play 
an  important  role,  the  exposure  time 
is  automatically  determined  and 
the  lapse  between  successive  ex¬ 
posures  can  be  predetermined.  When 
the  time  approaches  for  the  making 
of  an  exposure,  a  warning  signal  is 
given  about  ten  seconds  before  the 
exposure  is  made.  This  signal  per¬ 
mits  the  attendant  to  remove  himself 
from  the  scene  so  as  not  to  appear  in 
the  photograph.  The  exposure  is 
automatically  timed  by  the  aid  of  a 
phototube  so  that  each  frame  re¬ 
ceives  the  same  amount  of  light  and 
therefore  has  the  same  average  den¬ 
sity.  Or,  if  desired,  an  exposure 
modulator  can  be  used  which  will 
increase  or  decrease  the  normal  ex¬ 
posure  for  such  special  effects  as 
simulating  the  approach  of  dusk  or 
of  dawn. 

At  the  beginning  of  the  exposure 
period,  incandescent  lamps  are 
turned  on  so  that  adequate  illumina¬ 
tion  is  always  available.  If  desired, 
these  lights  may  be  made  to  turn  on 
about  three  seconds  after  the  shutter 
is  opened,  so  that  the  lamps  do  not 
become  operative  during  daylight, 
since  daylight  exposures  are  usually 
of  less  than  three  seconds  exposure. 

An  interesting  feature  of  the 
equipment  is  that  the  time  telescope 
consumes  current  only  during  the 
exposure  time.  During  exposure,  a 


its  most  elementary  form  in  Fig.  1. 
A  voltage,  E,  charges  the  condenser 
Cl  to  a  voltage  which  is  determined 
by  the  neon  voltage  regulating  tubes. 
Ni.  The  circuit  is  so  arranged  that 
the  source  of  voltage  is  removed  as 
soon  as  Ci  becomes  fully  charged. 
The  condenser,  C„  now  acts  as  a 
power  reservoir  for  the  rest  of  the 
circuit,  and  discharges  through  the 
resistor  Ri  and  the  condenser  C;, 
building  up  a  voltage  across  the 
latter.  The  rate  at  which  the  voltage 
across  C,  builds  up  depends  upon 
the  resistance,  i2„  and  the  capaci¬ 
tance  of  the  condenser,  C*.  When  the 
voltage  across  C,  reaches  a  critical 
value,  the  neon  tube,  N,  ionizes,  and 
in  the  conducting  state,  permits  a 
pulse  of  current  to  flow  through  the 
relay  winding,  W,  recharging  C„ 
thus  starting  a  new  time  lapse  cycle, 
and  actuating  the  contacts  which 
open  the  shutter  of  the  camera, 
thereby  initiating  exposure. 

Just  before  the  shutter  is  opened, 
another  relay  (not  shown)  charges 
the  condenser,  C,  (at  the  same  time 
Cl  is  charged)  in  the  exposure  time 
circuit  of  Fig.  2.  The  charge 
on  Ct  di.scharges  through  the  photo¬ 
tube,  P,  into  the  timing  condenser 
Cu  and  when  the  voltage  across  A’, 
reaches  the  critical  value  of  break¬ 
down,  this  neon  tube  becomes  sud¬ 
denly  conducting,  triggers  off  A’j 
and  permits  a  pulse  of  current  from 
C3  to  flow  through  the  relay  winding 
Wt,  actuating  the  contacts  which 
close  the  shutter  of  the  camera. 
During  and  after  the  exposure 
period,  condenser  C,  of  the  time 
lapse  circuit  is  being  charged,  and 
as  soon  as  it  reaches  the  breakdown 
potential  of  AT,  the  cycle  is  repeated. 
The  exposure  time  depends  upon  the 
resistance  of  the  phototube,  P,  and 
this,  in  turn,  depends  upon  the  light 
falling  upon  it.  Consequently,  the 
light  falling  upon  the  subject,  which 
is  focussed  on  the  phototube,  P,  by 
means  of  the  optical  system  of  the 
time  telescope,  thus  controls  the  ex¬ 
posure  time. 

The  two  elementary  circuits  de¬ 
scribed  are,  of  course,  combined  in 
such  a  way  that  they  operate  as  a 
unit,  repeating  the  cycle  just  out¬ 
lined  as  often  as  required.  A  more 
complete  diagram  (intended  to  illus¬ 
trate  these  principles  of  operation 
rather  than  to  give  design  data)  is 
shown  in  Fig.  3. 

The  simplified  schematic  wiring 
diagram  is  intended  only  for  pur- 


Fi?.  4 — comparison  ol  the  old  and  the  new.  At  the  right  is  the  original 
equipment  with  its  special  chamber  for  the  subject  and  its  several  units. 
C.  P.  Veber  is  shown  with  the  latest  equipment  at  the  left  which  is 
contained  in  one  unit 


large  condenser  is  charged,  and  after  utes  w’hen  the  ambient  light  is 

being  completely  charged,  it  gradu-  constant.  How^ever,  when  the  light 

ally  discharges  through  a  resistance  is  variable,  variable  exposures  may 

to  determine  the  time  lapse  period,  be  made  so  that  each  frame  receives 

It  might  be  said  that  the  device  the  desired  exposure  and  has  the 

takes  a  bite  of  electricity  during  same  average  density, 

exposure  time  and  is  then  satisfied  For  description  of  this  time  tele- 
with  its  meal  until  the  next  exposure  scope,  the  reader  is  referred  to  U.  S. 

is  made.  The  condenser  acts  as  a  Pat.  2,156,440,  “Combination  Time 

power  supply,  but  is  charged  only  Lapse  and  Photoelectric  Exposure 

intermittently,  and  gradually  dis-  Control  Mechanism”  issued  to  Clin- 

sipates  its  charge  in  a  way  which  ton  P.  Veber  on  May  2,  1939. 

controls  the  time  lapse  period.  A 
similar  circuit,  operating  by  virtue 
of  a  RC  series  circuit  is  likewise 
charged  and  discharged  in  such  a 
manner  as  to  determine  the  time  of 
duration  of  the  exposure. 

In  its  present  form,  the  time  tele¬ 
scope  may  be  operated  from  a  6  volt 
storage  battery  or  from  the  110  volt 
a-c  line  at  will.  It  may  be  set  to 
have  a  time  lapse  period  of  from 
i  second  up  to  1  hour,  and  the  time 
lapse  period  is  independent  of  hu¬ 
midity  and  depends  slightly  (about 
1  or  2  per  cent)  on  wide  changes 
in  temperature.  The  time  lapse  pe¬ 
riod  is  independent  of  the  exposure 
time,  except  for  those  cases  in  which 
the  latter  exceeds  the  former,  as 
may  occasionally  be  the  case  in 
special  instances.  Time  lapse  periods 
longer  than  1  hour  may  be  made 
manually  without  turning  off  the 
machine  or  in  any  other  way  inter¬ 
fering  with  its  operation.  The  de¬ 
vice  is  capable  of  making  constant 
exposures  which  are  continuously 
variable  from  Mo  second  to  10  min- 


Principle  of  Operation 

In  its  most  elementary  form,  the 
principle  of  operation  of  the  time 
telescope  depends  upon  the  charging 
and  discharging  of  an  electric  circuit 
containing  a  condenser  and  resistor. 
This  circuit,  in  turn,  acts  to  ionize 
a  gaseous  discharge  lamp,  such  as  a 
neon  bulb,  which  actuates  the  de¬ 
sired  control  elements.  The  charging 
and  discharging  rates  of  these  cir¬ 
cuits  determine  the  operating  times 
for  the  control  of  the  photographic 
equipment.  While  the  complete  dia¬ 
gram  is  highly  complicated,  it  may 
be  broken  down  into  simple  elements 
for  purposes  of  explaining  the  under¬ 
lying  mode  of  operation.  Essen¬ 
tially,  the  fundamental  circuit  con¬ 
sists  of  two  parts:  (1)  the  time 
lapse  circuit  which  controls  the 
interval  between  exposures,  and  (2) 
the  exposure  circuit,  which  controls 
the  duration  of  the  exposure  as  a 
function  of  the  intensity  and  quality 
of  the  light. 

The  time  lapse  circuit  is  shown  in 
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poses  of  illustrating  the  mode  of 
operation  of  the  time  telescope  con¬ 
trol  equipment,  and  in  not  intended 
to  be  a  complete  explanation  of  the 
numerous  and  various  controls  which 
may  be  effected  by  this  equipment. 
Further  details  are  contained  in 
U.  S.  Pat.  2,156,440  which  should  be 
consulted  for  more  complete  ex¬ 
planation. 

To  illustrate  the  fundamental 
mode  of  operation,  a.ssume  that  the 
circuit  is  beinK  u.sed  for  the  first 
time  and  that,  consequently,  all  volt- 
a^es  in  the  circuit,  including  those 
across  condensers,  are  zero.  Now, 
if  the  power  is  applied  to  the  circuit 


voltage  of  Ni,  N3,  N„  which  thus  act 
as  voltage  regulating  devices.  A.h 
time  passes,  the  condenser  C3  dis¬ 
charges  through  W3,  Wn,  and  C,, 
building  up  a  voltage  across  C,. 
W^hen  the  voltage  across  C4  reaches 
the  critical  or  breakdown  voltage  of 
the  neon  tube  Nt,  the  tube  becomes 
conductive,  passes  a  pulse  of  current, 
closes  the  relay  contacts,  and  applies 
another  pulse  of  current  to  the  trans¬ 
former  and  rectifier,  thus  repeating 
the  cycle  already  followed  through. 
The  rate  at  which  this  cycle  occurs 
depends  upon  the  values  of  C„  C,. 
W3,  and  Wt,  but  W3  and  W,  are  used 
to  control  the  time  lapse  cycle  or 
time  lapse  period. 

While  C,  is  discharging  to  build 
up  a  voltage  across  C„  and  as  soon 
as  is  actuated,  the  voltage  of  C, 
is  applied  across  and,  of  course, 
the  phototube  and  the  condenser  G. 
Thus,  Cl  acts  as  the  power  supply 
for  the  phototube  circuit.  Here 
again  the  voltage  across  AT,,  charges 
the  condenser  G,  and  builds  up  a 
voltage  across  it  at  a  rate  depending 
upon  the  capacitance  of  G  and  the 
conductance  of  the  phototube  and  of 
W,.  When  the  voltage  across  G 
reaches  the  breakdown  value  of  the 
trigger  elements  of  tube  it  be¬ 
comes  conducting  and  passes  a  pulse 
of  current  through  the  relay  which 
closes  the  camera  shutter.  Since 
the  shutter  was  opened  when  relay 
Re  was  actuated,  by  means  of  a  relay 
system  not  shown,  and  is  closed  when 
the  relay  in  series  with  ATj  is  ac¬ 
tuated,  the  shutter  is  opened  for 
the  duration  of  the  time  taken  to 
charge  G  to  the  breakdown  voltage 
of  Nj.  The  time  required  for  this 
depends  upon  the  conductance  of  the 
phototube,  and  this,  in  turn,  depends 
upon  the  light  falling  upon  it  from 
the  photographic  optical  system. 

This  elementary  illustrative  circuit 
is  divided  into  three  parts:  (1)  the 
power  supply  circuit,  (2)  the  time 
lapse  circuit  TL,  and  ( 3)  the  exposure 
time  circuit  ET.  The  constants  of  the 
time  lapse  circuit  are  chosen  so  that, 
usually,  the  TL  circuit  operates 
much  more  slowly  than  the  ET 
circuit,  and  the  ET  circuit  is  only 
brought  into  action  at  some  pre¬ 
determined  set  of  conditions  of  the 
TL  circuit.  The  entire  circuit  is 
operated  through  the  discharge  or 
charge  of  RC  circuits  and  only  con¬ 
sumes  power  when  the  push  button 
is  closed  or  when  relay  Rx  is 
actuated. 


by  pressing  the  push  button,  a 
momentary  flow  of  current  will  flow 
through  the  transformer  and  recti¬ 
fier,  and  will  appear  at  the  output 
of  the  rectifier  as  the  appropriate 
and  desired  dc.  Two  input  sources 
are  shown,  one  of  which  feeds  the 
relays  while  the  other  is  the  high 
voltage  which  charges  conden.sers  G 
and  G,  when  the  charging  relay 
contacts  are  clo.sed.  Contacts  of  Re 
clo.se  after  C,  and  G  have  been 
charged. 

When  the  voltage  supply  conden¬ 
.sers  G  and  G  are  charged  by  press¬ 
ing  the  push  button,  the  condenser 
voltages  a.ssume  the  extinguishing 


5 — Typical  Mtup  oi  the  equipment  with  the  aubject  in  the  iore- 
qround.  The  lamps  are  turned  on  automatically  lust  before  each 

exposure 


Fiq.  6 — Complete  electronic  unit  for  controlling  the  lamps  and  motion 
picture  camera  for  time  lapse  photography.  The  control  knobs  are  at 
the  left,  while  the  phototube  is  behind  the  large  lens 
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Fig.  1 — Typical  retltlort,  Csramicont  and  mica 
condanscra  manuiacturad  by  Eria  Raaiator  Cor¬ 
poration  by  tha  matt  production  mathoda  dia- 
cuaaad  in  thia  articia 


IN  a  strict  sense,  quantity  produc¬ 
tion  may  never  be  reduced  to  an 
exact  science  but,  from  a  commer¬ 
cial  standpoint,  a  close  approach  to 
it  has  been  attained  in  the  plant  of 
the  Erie  Resistor  Corporation. 
There,  both  resistors  and  condensers 
are  turned  out  in  mass-production 
quantities,  much  of  the  work  being 
done  on  ingenious  automatic  ma¬ 
chines  designed  for  the  purpose. 
Some  of  these  machines  perform 
testing  operations  much  more  rap¬ 
idly  than  tests  can  be  made  by 
hand,  and  at  the  same  time  elimi¬ 
nate  human  errors. 

Two  general  forms  of  resistors 
are  produced  in  a  variety  of  sizes 
and  resistance  values,  but  all  having 
as  the  essential  unit  a  cylindrical 
bar  of  carbon.  In  one  form,  designed 
for  use  without  a  ceramic  case,  wire 
leads  are  soldered  to  a  coating  of 
copper  applied  to  the  carbon  in  the 


form  of  a  metal  spray.  In  the  other 
form,  leads  are  first  attached  to 
brass  caps  which  are  subsequently 
pressed  over  the  copper-coated  ends 
of  the  bar  after  the  resistance  unit 
is  assembled  in  a  ceramic  case. 

Manufacture  of  resistors  starts 
with  preparation  of  a  mix  consisting 
of  finely  powdered  carbon,  a  binder 
and  inert  materials.  The  mix  issues 
from  a  mixing  machine  in  hard 
lumps  which  are  first  dried,  then 
ground  in  a  mill  and  then  screened. 
Ingredients  of  the  mix  are  varied  to 
yield  the  required  resistance  within 
a  given  dimension  of  bar.  Initial 
forming  of  the  carbon  bar  from  the 
powdered  material  is  carried  out  in 
a  Stokes  tableting  machine.  The 
formed  bars  are  discharged  onto  a 
metal  belt  which  carries  them 
through  a  baking  oven,  from  which 
they  issue  in  hardened  form. 

The  carbon  bars  which  are  to  be 


capped  must  be  accurately  sized  in 
diameter  to  insure  a  tight  fitting 
cap  and  these  bars  are  passed 
through  a  centerless  grinder  which 
gives  the  required  uniform  diame¬ 
ter.  All  carbon  bars,  whether 
ground  or  not,  are  delivered  to 
machines  which  apply  the  coating  of 
copper  to  each  end.  The  bars  are 
loaded  into  a  hopper  in  this  ma¬ 
chine,  shown  in  an  accompanying 
illustration,  and  from  the  hopper 
are  advanced  in  successive  step^ 
along  each  of  two  tracks  or  guides. 
Above  the  tracks  is  mounted  the 
metal  spray  gun  into  which  copper 
wire  feeds  automatically.  The  gun 
is  oscillated  on  a  pivot  so  that  the 
spray  is  directed  first  at  one  track 
and  then  at  the  other  and  back 
again,  repeating  the  cycle  continu¬ 
ously  while  the  machine  is  running- 
At  the  ends  of  the  tracks,  the 
carbon  bars  are  given  a  rotary  mo- 
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Resistors  and  condensers  are  essential  to  all  electronic  circuits.  Automatic  macliinerv 
plays  a  large  part  in  their  manufacture,  which  is  described  herein 
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tion  about  their  own  axes  while  tne 
spray  is  being  applied,  so  that  the 
coating  is  uniform  over  the  area 
covered.  Above  the  tracks  are  ro¬ 
tating  disks  which  shield  the  por¬ 
tion  of  the  rod  not  to  be  coated  and 
confine  the  spray  to  a  band  of  the 
required  width.  As  soon  as  one  end 
is  coated,  the  gun  shifts  and  coats 
the  end  of  a  bar  on  the  other  track. 
During  this  period,  the  first  bar  is 
advanced  so  that  the  other  end  may 
be  coated.  In  other  words,  the  spray 
is  cut  off  while  the  bars  are  moved 
longitudinally  and  are  being  set  in 
position  for  rotation.  After  the  sec¬ 
ond  end  is  coated,  the  bar  is  dropped 
out  and  is  ready  for  delivery  to  the 
testing  machine.  Progress  of  the 
bars  through  the  copper  coating  ma¬ 
chine  is  in  continuous  step,  the  ma¬ 
chine  operating  automatically  and 
with  very  little  attention. 

Before  the  carbons  coated  on  the 
ends  with  copper  are  assembled 
with  other  parts,  it  is  necessary 
that  their  resistance  be  determined 
accurately  and  that  they  be  sorted 
according  to  resistance  value  within 
the  predetermined  tolerances.  This 
is  accomplished  in  an  automatic  ma¬ 
chine  here  illustrated.  Carbons  are 
fed  onto  a  jig,  carried  by  a  slowly 
rotating  wheel  from  a  hopper,  each 
carbon  being  fastened  by  a  latch  de¬ 
vice  which  has  tw’o  contacts  in  a 
constant  voltage  circuit.  Below  the 
jig,  which  rotates  in  a  vertical  plane, 
are  eight  bins,  each  of  which  re¬ 
ceives  those  carbons  which  come 
within  the  resistance  range  intended 
for  it.  Unlatching  and  dropping  of 
the  carbon  is  effected  by  relays  op¬ 
erated  through  an  electronic  control. 
This  control  consists  of  a  tube  in 
the  grid  circuit  of  which  the  re¬ 
sistor  is  connected.  When  the  cor¬ 
rect  value  of  resistance,  correspond¬ 
ing  to  a  particular  bin,  is  registered, 
the  grid  bias  of  the  tube  is  sufficient 
t<t  cause  the  plate  current  to  actuate 
the  relay.  By  this  automatic  ma¬ 
chine,  sorting  can  be  done  within 
0.5  per  cent  of  the  nominal  resist¬ 
ance  value.  When  sorted,  carbons 
dropped  in  each  bin  are  kept  sep¬ 
arate,  of  course,  until  marked  after 
assembly  with  a  suitable  color  code. 
Carbons  which  do  not  fall  within  the 
lange  of  values  desired  or  are  other¬ 
wise  defective  are  automatically 
dropped  into  a  reject  bin. 

The  carbons  which  are  to  have 
soldered  lead  wires  are  transferred 
to  another  machine  and  are  fed  into 


chucks  arranged  to  progress  along 
a  chain  from  station  to  station.  In 
this  machine,  the  lead  wire  is  auto¬ 
matically  wound  on  each  end  of  each 
carbon.  The  wire  is  applied  over 
the  copper  coating  and  then  cut  to 
length.  As  the  carbons  with  leads  in 
place  progress  through  this  ma¬ 
chine,  the  ends  carrying  the  leads 
are  dipped  first  in  flux  and  then  in 
molten  solder  and  are  subsequently 
discharged  after  the  solder  has 
hardened  and  made  the  required 
permanent  electrical  contact  between 
the  lead  and  the  copper  coated  ends 
of  the  bars. 

Following  these  operations,  the 
resistors  are  transferred  to  a  paint¬ 
ing  machine  which  is  semi-automatic 
and  is  designed  to  apply  lacquer  to 
give  the  resistors  the  color  on  body, 
tip  and  dot  required  by  the  marking 
code.  To  apply  these  colors,  the  re¬ 
sistors  are  mounted  in  suitable  car¬ 
riers  in  the  machine  in  such  a  way 
as  to  be  brought  successively  into 
contact  with  the  respective  colors. 
The  body  and  tip  colors  are  applied 
by  dipping  as  the  resistors  progress 
through  the  machine.  As  drying  is 
required  following  the  application 


Fig.  2 — Automatic  toator  and  sorter 
ior  carbon  rods.  An  electronic  unit 
measures  the  resistance  and  drops 
them  into  the  proper  bins 


Fig.  3 — Machine  in  which  carbon 
rods  ore  sprayed  at  each  end  with 
copper.  Note  copper  spray  (arrow) 


of  each  color,  the  parts  are  passed 
through  ovens  forming  parts  of  the 
machine.  The  dot  color  is  applied 
by  a  rotating  disk  which  dips  into 
a  trough  of  lacquer  and  the  edge  of 
which  is  brought  momentarily  into 
contact  with  each  of  the  resistor^ 
on  the  respective  carriers.  As  much 
of  this  machine  is  inclosed,  the 
operations  are  not  readily  photo¬ 
graphed,  but  view’s  of  two  stations 
in  the  machine  are  shown  in  accom¬ 
panying  illustrations.  Manufactur¬ 
ing  operations  on  this  form  of  re¬ 
sistor  are  completed  in  this  machine 
and  the  resistors  issue  from  it  ready 
for  final  checking  of  resistance 
value,  packing  and  shipment. 

Ceramic  cases  for  resistors  are 
received  from  outside  sources,  ma¬ 
chined  to  the  correct  dimensions  but 
without  exterior  marking.  Before 
these  cases  are  placed  over  the  car¬ 
bons,  they  are  usually  given  an  ex¬ 
terior  body  color  and  stripes  to  iden¬ 
tify  the  resistance  value.  The  color 
is  applied  on  special  machines  which 
rotate  the  case  while  it  is  being 
sprayed  at  the  required  number  of 
stations  around  a  dial,  using  a 
quick-drying  lacquer. 

Resistors  which  are  to  receive  the 
insulating  cases  require  the  appli¬ 
cation  of  brass  caps  to  which  the 
lead  wires  are  riveted.  The  caps  are 
small,  cup-shaped  stampings  with  a 
hole  in  the  center  to  fit  over  the  lead 
w’ire.  Preparation  of  the  cap  and 
wire  assembly  is  done  in  a  special 
machine  here  illustrated.  This  in¬ 
cludes  a  rotating  dial  which  carries 
the  wire  from  station  to  station. 
To  make  a  secure  joint  between  the 
wire  and  the  cap,  the  wire  is  first 
upset  to  form,  a  short  distance  from 
one  end,  a  shoulder  against  which 
the  cap  may  rest.  Upsetting  is  done 


Fig.  4 — A  station  on  the  painting  machine  which  applies  the 
three  or  four  code  colors  to  resistors  after  the  leads  ore 
soldered  to  the  copper  sprayed  ends 


Fig.  6 — On  this  machine,  the  lead  wire  is  attached  to  the 
cap.  A  flange  is  upset  on  the  wire,  the  cop  is  set  on  the 
wire  and  the  end  of  the  wire  rireted 


very  little  attention  and  at  a  rapid 
rate.  It  is  arranged  to  stop  auto¬ 
matically  if  wire  jams  at  any  sta¬ 
tion,  or  if  the  completed  assembly 
is  not  ejected. 

The  caps  with  wires  attached  are 
then  ready  for  assembly  to  the  ends 
of  carbon  previously  ground  and 
copper  coated,  an  operation  which  is 
done  in  a  fixture  illustrated  in  an 
accompanying  figure.  An  operator  at 
one  side  of  a  bench  first  slips  the 
carbons  into  the  ceramic  shells  and 
places  these  in  a  chute  which  car¬ 
ries  them,  one  at  a  time,  into  a 
fixture  before  an  operator  on  the 
other  side  of  the  bench.  Each  such 
fixture  has  a  pair  of  sliding  heads 
and  into  each  of  these  the  operator 
loads  a  cap  with  wire  attached,  caps 
inward.  She  then  presses  a  treadle 
which  brings  the  heads  together  and 
forces  the  caps  one  over  each  end 
of  the  carbon  on  which  they  are  a 
press  fit.  This  operation  also  locks 
the  carbon  into  the  shell  or  case  and 
completes  the  resistor  except  for 
sealing  and  vacuum  impregnating. 

Sealing  of  the  carbon  within  the 
ceramic  shell  is  done  in  a  special 
machine  illustrated.  The  resistors 
are  fed  by  hand  into  clips  on  a  chain 
which  carries  them  first  to  a  gun 
which  applies  a  fixed  amount  of 
cement  to  one  end  and  then  into  an 
oven  which  sets  the  cement.  Con¬ 
tinuing  through  the  machine,  the  re¬ 
sistors  are  similarly  sealed  on  the 
other  end,  pass  again  through  an 
oven  and  thence  to  the  unloading  sta¬ 
tion  where  they  are  removed  from 
the  clips.  After  a  final  baking  to 
complete  the  cure  of  the  cement,  the 
units  are  vacuum  impregnated  in 


wax,  excess  wax  being  removed  in 
a  “degreasing”  operation.  This  com¬ 
pletes  the  resistor  and  it  is  ready 
for  inspection,  packing  and  ship¬ 
ment. 


Production  of  Fixed  Condensers 

Although  the  production  of  small 
fixed  condensers  involves  certain 
procedures  which  are  similar  or 
identical,  the  different  character  of 
the  product  necessitates,  of  course, 
many  different  operations. 

The  fixed  condensers  are  of  two 
types:  one  with  silver  plates  in  in¬ 
timate  contact  with  a  ceramic  dielec¬ 
tric  and  marketed  under  the  trade 
name,  “Ceramicon”,  and  the  other 
with  silver  plates  in  intimate  con¬ 
tact  with  a  mica  dielectric,  called 
“silver-mica”  condensers.  Cerami- 
cons  have  a  definite,  linear  and  re¬ 
producible  temperature  co-efficient 
and  are  widely  used  in  tuned  o.scil- 
lator  circuits  to  compensate  for 
changes  in  frequency  resulting  from 
variations  in  temperature.  They  are 
made  in  numerous  typies:  one  with 
a  positive  temperature  coefficient  of 
0.00012  per  deg.  C. ;  another,  which 
has  a  titanium  dioxide  dielectric, 
with  a  negative  temperature  coeffi¬ 
cient  of  0.00068  per  deg.  C. ;  and 
others  having  coefficients  between 
these  limiting  values.  Since  titan¬ 
ium  dioxide  has  a  high  dielectric 
constant  (85),  fairly  large  capaci¬ 
ties  are  obtainable  in  a  rather  small 
unit. 

Manufacture  of  the  Ceramicon 
begins  with  application  of  silver  to 
the  small  tubes.  This  is  done  by 
placing  the  tubes  on  racks  dipping 
them  in  the  silver  solution  and  sub- 


Fig.  5 — ^Anothar  station  on  the 
poinUng  machine.  The  point  cot- 
ered  disc  leores  o  dot  of  paint  on 
each  rector 


by  striking  the  wire  in  suitable  dies 
arranged  around  the  central  dial. 
Wire,  ready  tinned,  is  drawn  from  a 
reel  through  a  straightener  and  into 
the  first  die  where  it  is  cut  to  length. 
Successive  operations  then  form  the 
shoulder.  Caps,  fed  in  from  a  hop¬ 
per  at  one  station,  are  automati¬ 
cally  slipped  over  the  short  end  of 
the  wire,  with  the  outside  of  the 
cap  against  the  upset  flange,  after 
which  the  short  end  of  the  wire  is 
struck  a  blow  which  rivets  or  heads 
it  over,  permanently  fastening  the 
cap  between  the  rivet  head  and  the 
flange,  after  which  the  assembly 
drops  from  the  machine.  This  ma¬ 
chine  operates  automatically  with 
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aequently  firing  the  tubes  at  high 
temperature  to  leave  a  coating  of 
pure  silver.  Tubes  are  produced  in 
the  same  standard  diameters  as  for 
carbons  used  in  making  resistors 
and  hence  can  take  wired  caps  of 
the  same  size,  made  and  applied  in 
the  same  way  with  similar  ceramic 
cases  and  sealed  in  the  same  manner 
on  the  same  sealing  machine  used 
for  resistors.  In  consequence,  the  fin¬ 
ished  product  of  this  type  looks  the 
same  as  a  resistor  of  the  same  physi¬ 
cal  type,  except  that  the  case,  in¬ 
stead  of  being  lacquered  to  identify 
it  by  a  color  code,  is  left  without 
finish  and  is  labeled  by  a  special 
printing  machine  with  code  numbers 
and  letters  and  at  the  same  time  is 
marked  as  to  capacity  and  tolerance. 

In  the  silver-mica  type  of  con¬ 
denser  which  has  a  temperature  co¬ 
efficient  of  -f-  0.00025  per  deg.  C  the 
mica  sheets  are  stamped  to  size 
with  holes  for  assembly,  are  given  a 
treatment,  to  apply  the  silver,  and 
then  are  assembled  into  a  ceramic 
case  made  to  fit  them  closely.  Wire 
terminals  with  an  eye  formed  at  one 
end,  and  the  other  parts  of  the  con¬ 
denser  (mica  sheets  and  case)  are 
fastened  together  with  eyelets  ap¬ 
plied  in  an  ordinary  eyeletting  ma¬ 
chine.  The  eyelets  not  only  hold 
the  assembly  together  but  establish 
the  required  permanent  electrical 
contacts  between  the  silver  coatings 
of  the  mica  and  the  terminals.  The 
assembly,  except  for  applying  the 
eyelets,  is  done  by  hand  and  is  quite 
simple. 

In  some  forms  of  condensers,  a 
resistor  is  assembled  in  the  same 
case  with  the  condenser  to  produce 
heat  and  compensate  for  tempera¬ 
ture  changes  in  some  other  part  of 
the  apparatus  in  which  the  unit  is 
to  be  installed. 

Testing  or  calibrating  of  con¬ 
densers  is  accomplished  with  the 
type  of  apparatus  shown  in  one  of 
the  illustrations,  the  unit  being 
placed  in  a  clip  mounted  at  the  left 
side  of  the  instrument  panel.  Tests 
are  made  for  both  capacity  and 
power  factor  at  radio  frequencies. 
The  operator  views  a  dial  with  limit 
markings  set  for  particular  specifi¬ 
cations.  Sorting  is  accomplished  as 
a  result  of  this  test  and  the  units 
tested  are  subsequently  labeled  for 
identification  by  the  printing  ma¬ 
chine  above  mentioned,  and  are  then 
ready  for  packing  and  shipment. 


7 — Fixture  used  for  applying  capped  wires  to  the  ends  of  car¬ 
bons.  the  latter  first  haring  been  slipped  inside  a  ceramic  case  and 
led  down  the  chute  at  the  center.  Jaws  at  each  side  of  the  chute, 
brought  together  by  a  treadle,  force  the  cups  orer  the  ends  of  the  carbon 


Fig.  8 — Machine  in  which  cement  is  applied  to  seal  carbons  and  Cerami- 
cons  within  their  ceramic  cases.  Assembled  units  are  placed  in  clips 
on  the  chain  which  carries  them  to  gun  stations  whore  cement  is  ap¬ 
plied  and  through  orens  where  the  cement  is  set 


Fig.  9 — Apparatus  used  for  checking  the  capacity  and  power  factor  of 
condensers  as  the  latter  ore  held  in  a  clip  at  the  left  of  the  poneL  A 
dial  with  limit  settings  facilitates  the  measurements 
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Behavior  of  Half-Wave  Rectifiers 


The  wave  forms  of  the  output  voltage  and  current  of  a  half-wave  rectifier  with  various  types 
of  load  are  analyzed  hy  means  of  Fourier’s  series.  The  d-c,  fundamental  frequency  and 
some  harmonic  terms  are  computed  for  the  circuits  discussed 


Fig.  1 — CurTM  for  tho  com  of  a  puro  rosistanco  load.  Tho  ogua- 
tiona  give  tho  d-c.  fundamental  and  harmonic  termo 


HALF-WAVE  single  phase  recti¬ 
fiers  have  received  rather  wide 
use,  but  less  than  their  share  of 
analytical  attention.  An  engineer 
looking  for  definite  information  on 
this  circuit  finds  little  available  in 
textbooks  and  the  technical  litera¬ 
ture,  and,  even  worse,  he  must  treat 
what  he  does  find  with  care,  for  it 
may  be  incorrect.  Current  wave 
forms  for  a  few  circuits  were  de¬ 
rived  in  an  article*  in  a  recent  issue 
of  Electronics,  but  in  a  way  different 
from  the  present  study.  The  an¬ 
alyses  presented  here  are  an  out¬ 
growth  of  previous  work  with  full- 
wave  circuits,*  and  are  made  by 
means  of  a  Fourier  series  repre¬ 
sentation  of  voltage  and  current 
wave  forms.  The  series  method  need 
not  be  advanced  as  the  best  for  all 
situations,  but  it  does  have  advan¬ 
tages  for  many  rectifier  and  filter 
cases.  It  is  a  convenient  way  to  ex¬ 
press  recurring  wave  forms.  Also, 
if  the  voltage  at  the  input  terminals 
of  the  rectifier  load  circuit  is  ex¬ 
pressed  properly  by  a  series,  the 
corresponding  current  series  can  be 
obtained  by  applying  to  each  voltage 
term  the  impedance  of  the  circuit 
for  that  frequency.  The  series 
method  can  be  applied  to  multi-sec¬ 
tion  filters  for  which  the  differential 
equation  or  the  operational  method 
is  difficult,  and  moreover,  has  the 
virtue  of  showing  directly  the  har¬ 
monic  components.  The  analyses 
given  here  show  the  wave  form  and 
the  series  terms  for  the  circuit  in¬ 
put  voltage,  as  well  as  for  the 
current,  as  the  input  voltage  takes 
many  forms  with  a  half-wave  recti¬ 
fier,  depending  upon  the  type  of  load. 

Electrical  rectifiers  have  often 
been  termed  valves  to  indicate  the 
analogous  condition  of  one-way  flow 
met  with  a  check  valve  in  a  water 
pipe.  The  rectifier  might  also  be 
called  a  switch  which  has  been 
“trained”' to  open  whenever  the  cur¬ 
rent  tries  to  flow  in  the  reverse  of 


the  preferred  direction.  The  switch 
concept  is  useful,  in  visualizing  the 
fact  that  events  in  the  load  circuit 
while  the  rectifier  is  non-conducting 
are  independent  of  the  a-c  supply 
line,  and  depend  only  on  the  load 
circuit.  Such  non-conducting  periods 
occur  for  some  loads  with  a  single 
phase  full-wave  rectifier  or  even 
with  a  polyphase  rectifier,  but  they 
always  occur  with  a  single  phase 
half-wave  rectifier  as  conduction 
cannot  continue  for  a  complete  cycle 
in  any  practical  circuit. 

Curves  are  presented  to  show  the 
behavior  of  a  half-wave  rectifier 
with  several  types  of  load.  The  re¬ 
sults  shown  here  are  computed  on 
the  basis  of  a  perfect  rectifier,  that 
is,  a  rectifier  having  zero  voltage 
drop  across  it  for  conduction  periods 
and  zero  reverse  current  for  non¬ 
conduction  periods.  A  power  supply 
of  sinusoidal  wave  form  and  negligi¬ 
ble  impedance  is  also  assumed.  The 
perfect  rectifier  is  used  here  as  it  is 
desired  to  show  general  circuit  char¬ 
acteristics  rather  than  the  peculiari¬ 
ties  of  any  particular  type  of  rectifier. 
However,  rectifier  imperfections  can 
be  taken  into  account  approximately 
in  particular  cases.  A  gaseous  recti¬ 
fier  may  be  approximated  by  a  con¬ 
stant  voltage  drop  for  the  conduction 
periods.  A  vacuum  rectifier  may  be 


replaced  by  a  perfect  rectifier  plus  a 
resistance  to  a  fair  degree  of  ap¬ 
proximation  if  the  tube  drop  is 
small  compared  with  the  load  voltage. 

Discussion  of  the  Curves 

Figure  1  shows  the  case  of  a 
purely  resistive  load.  The  current 
and  the  voltage  e'  follow  the  sin¬ 
usoidal  pattern  for  the  half  cycle 
from  0®  to  180°,  and  then  are  zero 
from  180°  to  360°.  The  equations 
show  the  first  few  terms  of  the  series 
for  e'  and  i  to  represent  this  form 
of  variation.  We  see  a  constant  or 
d-c  term,  a  very  large  term  of  line 
(or  “fundamental”)  frequency,  and 
smaller  amounts  of  various  multiples 
of  this  frequency.  The  difference 
between  e  and  e'  shown  by  the  curves 
during  the  non-conduction  period  is 
significant  physically  as  the  inverse 
voltage  across  the  rectifier. 

Figure  2  shows  the  current  in  a 
circuit  consisting  of  resistance  and 
inductance  in  series.  It  will  be  seen 
that  conduction  continues  beyond 
the  180°  point  due  to  the  induced 
emf  of  the  inductance.  For  the  con¬ 
stants  used  in  this  case  the  “switch” 
opens  at  about  304°,  so  e'  follows 
the  sinusoidal  form  until  that  point 
is  reached,  and  is  zero  for  the  re¬ 
mainder  of  the  cycle.  The  average 
value  of  the  e'  curve  (which  is  the 


32  September  J  939  —  ELECTRONICS 


By 

M.  B.  STOUT 

f.'niversity  ol  Michifjun 


I 


Fiq.  3 — Wh*n  a  capacity  U  in  parallel  with  a  reaiatance.  the 
conduction  period  ii  decreased,  but  there  is  a  continuous  flow 
of  current  throuqh  the  resistance 


Fiq.  4 — A  simple  filter  circuit  causes  the  conduction  period  to 
continue  to  beyond  the  300  deqree  point 


<l-c  voltage  component)  is  much 
smaller  than  in  the  first  case,  as  may 
be  checked  by  inspection  of  the 
curve.  The  average  value  of  i,  which 
is  equal  to  the  average  value  of  e' 
divided  by  R,  is  also  much  less  than 
in  Fig.  1.  Another  striking  differ¬ 
ence,  compared  with  Fig.  1,  is  the 
great  increase  of  the  fundamental 
frequency  component  of  e'. 

Figure  3  shows  the  effect  of  plac¬ 
ing  a  condenser  in  parallel  with  a 


resistance.  Conduction  through  the 
rectifier  ceases  at  the  point  6t,  where 
the  total  current  tends  to  reverse. 
After  e'  follows  an  exponential 
decrease  until  it  meets  the  sinusoidal 
e  at  360“  -}-  0,.  In  this  case  e'  has  a 
much  greater  average  value  than  in 
Fig.  1,  and  a  smaller  harmonic  con¬ 
tent,  as  might  be  expected  from  its 
smaller  range  of  fluctuation.  The 
conduction  period  in  this  case  is 
about  62“.  The  current  Ir  shows 


rather  poorly  in  the  graph;  it  is  of 
course  similar  in  form  to  e' 

Figure  4  shows  a  simple  form  of 
filter  circuit.  Here,  as  in  Fig.  2, 
the  inductance  causes  conduction  to 
continue  far  beyond  the  180“  point. 
After  63  there  is  an  exponential  sec¬ 
tion,  for  the  same  reason  as  in  Fig. 
3.  The  smoothing  effect  of  the  cir¬ 
cuit  on  the  load  (Ir)  is  shown  by 
both  the  equation  and  the  curve;  the 
condenser  takes  the  major  part  of 
the  alternating  current  through  L. 
The  voltage  e'  has  a  small  d-c  com¬ 
ponent,  and  a  very  large  funda¬ 
mental  frequency  term  (85  per  cent 
greater  than  in  Fig.  1). 

Figure  5  shows  a  circuit  which  is 
essentially  the  same  as  one  reported 
by  a  contributor  to  Electronics^  with 
values  modified.  The  applied  voltage 
has  been  multiplied  by  20  and  all 
impedances  by  100,  to  make  the  case 
comparable  with  the  others  presented 
here.  The  proportions  remain  as  in 
the  reported  case,  but  the  current 
should  be  one-fifth  as  great.  No  at¬ 
tempt  is  made  to  correct  for  rectifier 
imperfections  as  no  data  were  given 
regarding  the  rectifier  characteris¬ 
tics.  The  constants  of  the  circuit, 
with  S  open,  are  the  same  as  in 
Fig.  2,  so  the  effect  of  closing  the 
switch  may  be  found  by  comparison 
of  Fig.  2  and  Fig.  5.  The  circuit 
as  a  whole  gives  a  more  nearly 
resistive  effect  with  S  closed  and 
conduction  lasts  only  to  186“.  After 
186“,  e'  has  a  negative  exponential 
section,  due  to  the  decreasing  cur¬ 
rent  through  the  coil  and  i?,.  In  this 
case  e'  has  an  average  value  nearly 
four  times  as  great  as  in  Fig.  2,  and 
the  total  circuit  resistance  is  lower, 
so  that  the  total  current  (average 
value)  is  about  five  times  as  great. 
The  average  coil  current  is  half  of 
the  total  or  about  2.5  times  as  great 
as  in  Fig.  2.  It  is  also  much 
smoother  in  form.  The  observed  in¬ 
crease  of  coil  current  upon  closing  S 
seems  unreasonable  if  i?,  is  consid- 
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E  EFFECTIVE  300  V 


i  =  .078 +  .11  9  SIN  6V<  -  .002  COS  -.001  SIN  2  OJt 

-  .044  COS  Z  wt - 

i  =  .039-.005  COSoJ/  -.001  COS  Zujt - 

f'=  117  +  237.5  SINoif  +  1.9  COS  cJf  -  1.7  SIN  2  uJt  ~  88.8  COS  2 


Fig.  5 — Resistance.  R^.  proTides  a  discharge  path  for  the  induc¬ 
tance,  confining  the  conduction  period  to  the  range  between 
zero  and  186  degrees 


ered  only  as  a  shunt  which  diverts 
current  from  the  coil.  The  influence 
of  i?,  on  wave  forms  is  of  greater 
importance  in  this  circuit,  as  be¬ 
comes  evident  upon  a  study  of  the 
change  in  conducting  period  of  the 
rectifier.  Physically,  iJ,  might  be 
visualized  as  providing  a  discharge 
path  for  the  inductance,  thus  enabl¬ 
ing  the  rectifier  to  shut  off  near  the 
180°  point,  and  so  not  subject  L  to 
the  negative  supply  line  voltage  dur¬ 
ing  the  half  cycle  from  180°  to  360°, 
as  in  Fig.  2. 

The  table  gives  a  summary  of  the 
harmonic  components  of  the  circuit 
input  voltage  e'  for  the  five  cases 
presented.  In  this  table  the  sine  and 
cosine  terms  of  each  frequency  are 
combined  to  show  the  total  ampli¬ 
tude.  All  components  show  great 
differences  between  the  various 
cases,  but  the  greatest  interest  at¬ 
taches,  in  general,  to  the  d-c  and  the 
fundamental  frequency  parts.  The 
d-c  term  ranges  from  30  to  328  volts, 
and  the  fundamental  from  70  to  392 
volts.  This  table  illustrates  the  point 
that  no  one  set  of  harmonic  values 
can  be  given  as  representative  of 
conditions  on  a  half-wave  rectifier. 
The  voltage  equation  of  Fig.  1  is  the 
one  usually  referred  to  in  text  books 
as  the  voltage  of  a  half-wave  rec¬ 
tifier;  it  should  be  used,  however, 
only  in  the  special  case  of  a  resistive 
load. 

A  detailed  description  of  the  pro¬ 
cedure  followed  in  deriving  the  equa¬ 
tions  would  extend  this  article  un¬ 
duly.  The  method,  in  general,  is  a 
modification  of  that  presented  for 
full-wave  rectifiers  in  an  article 
already  mentioned.*  The  circuit  be¬ 
havior  can  be  determined  qualita¬ 


tively  from  general  circuit  consider¬ 
ations  and  a  voltage  series  derived 
by  the  necessary  combination  of 
sinusoidal  sections,  exponential  sec¬ 
tions,  etc.  In  case  the  point  of  tran¬ 
sition  from  one  section  to  another 


is  now  known,  it  can  be  found  by  a 
trial  solution,  or  by  other  methods. 
The  current  series  is  derived  from 
the  voltage  series,  and  checked  to 
see  that  the  total  current  is  zero 
during  the  non-conducting  period. 

Applications  of  the  Method 

The  series  form  of  representation 
of  the  circuit  input  voltage  is  useful 
in  many  ways,  as  it  shows  not  only 
the  d-c  component,  but  also  the  fre¬ 
quencies  and  amplitudes  of  the  har¬ 
monics  which  are  present.  A  major 
use  is  in  the  study  of  filter  circuits 
in  which  the  load,  or  output,  ripple 
can  be  computed  for  any  harmonic, 
knowing  the  input  ripple  and  the 
circuit  constants.  However,  it  must 
be  emphasized  again  that  the  input 
ripple  differs  for  practically  every 
load  connected  to  a  half-wave  recti¬ 
fier,  as  indicated  by  the  table,  and 


that  accuracy  of  output  ripple  is 
obtained  only  when  the  correct  input 
value  is  used.  References  can  be 
cited  *  in  which  the  proportions  of 
the  conventional  half-wave  voltage 
of  Fig.  1  are  given  as  the  proper 
values  for  a  filter  circuit.  In  another 
case®  the  same  curves  are  presented 
for  either  choke-input  or  conden.sej-- 
input  filters,  with  no  distinction  as 
to  the  input  ripple  in  the  two  case.s — 
which  is  not  correct,  even  for  a  full- 
wave  rectifier;  also,  curves  are 
shown  for  odd  harmonics,  implying 
u.se  of  the  chart  for  half-wave  recti¬ 
fiers,  but  nothing  is  given  either  to 
help  find  the  input  voltage  har¬ 
monics,  or  even  to  point  out  that  a 
problem  is  involved  in  finding  them. 
Harmonic  terms  have  been  computed 
for  several  circuits,  and  the  results 
compared  with  published  material: 
often  errors  of  50  to  100  per  cent 
have  been  found,  and  occasionally 
much  larger  amounts.  The  errors 
are  due  in  part  to  the  u.se  of  in¬ 


correct  input  harmonics,  and  in  part 
to  discrepancies  in  the  assumptions 
on  which  the  published  curves  are 
based. 

Conclusions 

1.  The  wave  form  and  the  har¬ 
monic  make-up  of  the  voltage  from 
a  half-wave  rectifier  depend  on  the 
load  connected  to  it. 

2.  The  effect  of  circuit  changes, 
as  in  Fig.  5,  can  be  understood  only 
by  a  study  of  the  wave-form  changes. 

3.  Filter  ripples  based  on  the  har¬ 
monic  terms  of  Fig.  1,  are  incorrect 
for  actual  filter  circuits. 

^Half-Wave  Gas  Rectifier  Circuits.  C  M. 
Wallis,  Electronica,  Oct.  1938,  p.  12. 

>  Analysis  of  Rectifier  Filter  Circuits,  M  B- 
Stout,  Elec.  Eng.,  Sept.  1935,  p.  977. 

•Problem,  Crosstalk,  Electronica,  May  1!*38, 
p.  7. 

‘  “Rectifier  Filter  Circuits.”  Reuben  Lee. 
Elec.  Jour.,  April  1932.  p.  186. 

*  Power  Supply  Filter  Curves,  W.  W.  Walt*. 
Electronics  Reference  Sheet,  Electronica,  Dec. 
1935. 


Table  I — Amplitudes  of  the  harmonic  components  of  the  circuit  input  voltage,  i 
values),  of  Figs,  1  to  5.  The  supply  voltage  is  300  volts  (effective) 

e'  (maximum 

Harmonic 

Fig.  1 
Load  =  R 

Fig.  2 

L.R 

Fig.  3 

C.R 

Fig.  4 

L.  C.R 

Fig.  5 

R,  L  shunted 

D-C  Term 

135.0 

30.2 

328.6 

31.5 

117.0 

1  (Fundamental) 

212.1 

392.1 

69.8 

393.4 

237.5 

2 

90.0 

53.3 

31.7 

57.0 

89.9 

3 

0 

45.4 

17.7 

49.3 

8.5 

4 

18.0 

37.9 

10.2 

40.0 

16.8 

5 

0 

29.8 

5.8 

30.2 

5.0 

6 

7.7 

20.8 

3.3 

21.6 

6.5 

Conduction  Period 

180" 

304“ 

62“ 

303* 

191“ 
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Compensated  Amplifier  Chart 


The  accompanyiujT  chart  is  de¬ 
signed  to  give  relative  values  of 
the  gain  and  phase  shift  of  one  stage 
of  a  resistance  coupled  amplifier 
which  is  compensated  by  addition  of 
certain  elements  to  its  load  imped¬ 
ance.  The  actual  and  equivalent 
circuits  of  such  an  amplifier  stage 
are  shown  in  Fig.  1.  The  chart  is 
based  on  the  equivalent  circuit, 
which  includes  in  the  shunt  capaci¬ 
tance  C.  the  inter-electrode  capaci¬ 
tances  of  the  tube  and  stray  wiring 
capacitance  of  the  coupling  circuit. 

The  gain  of  the  amplifier  stage 
and  also  the  phase  shift  between  E„ 
and  Ei  can  be  determined  so  that 
{A,/ \ '  \/ and  H,=tan' 
{Y/X),  where  A,  is  the  gain  at  any 
frequency  /  and  A,  is  some  particu¬ 
lar  value  of  gain  used  for  reference ; 
B,  is  the  angle  of  phase  shift  be¬ 
tween  Eo  and  Et,  positive  when  E., 
lags  behind  E, ;  and  X  and  Y  are 
quantities  depending  on  frequency 
and  on  the  various  circuit  elements. 

The  expressions  for  X  and  Y  can 
be  simplified,  for  very  high  frequen¬ 
cies  and  for  very  low  frequencies,  t?) 
the  same  form,  with  parameters  q, 
A  and  B  to  be  defined  later. 


A'  =  1  -  ^ 


1  + 


(1) 


The  chart  is  simply  a  graphical 
method  of  finding  X  and  Y  for  any 
given  values  of  q,  A  and  B  and  also 
of  finding  A, /A,  and  6,  for  any 
values  cf  X  and  Y. 

The  simplified  forms  of  Equations 
(1)  and  (2)  are  obtained,  naturally, 
only  by  making  certain  assumptions. 
Explicitly  stated,  these  assumptions 
are:  First,  the  ratio  C./C,  is  con¬ 
sidered  so  small  compared  to  one 
that  it  may  be  neglected.  Second, 
L/C.,RMr  is  much  smaller  than  one. 
Third,  and  Ra  are  of  the  same 
order  of  magnitude.  Fourth,  the 
time  constants  and  CM,,  are  of 
the  same  order  of  magnitude.  These 
four  conditions  are  easily  met  in  de¬ 
sign  practice  and  do  not  restrict  the 
usefulness  of  the  method. 

The  values  of  q,  A  and  B  for  use 
in  Equations  (1)  and  (2)  and  in  the 
chart  may  be  defined  more  conveni- 
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ently  by  fir.st  defining  the  resist- 


—  _i_  . — •  — 


R,.  =  R,  -I- 


_L+  1 


Rui  //l  -H  j 

where  the  subscripts  H,  L  and  Ld 
refer,  respectively,  to  high  frequen¬ 
cies,  low  frequencies,  and  low  fre¬ 
quencies  with  decoupling. 

Then  for  high  frequencies, 

7h  =  2irj'C,RH 
Ah  =  R H  Rc 
Bh  =  {C,RhR.)  L 
and  for  low  frequencies, 

=  —  I  2xfi\R ui 
RMpR. 

'  R,'^RARc+Rp+R,i) 


. _ CdRMc 


CJiLdiRc+ki)  • 

As  previously  stated,  the  value  of 
A, /A,  is  given  on  the  chart.  The 
reference  value  is  A,=Ru/Rp.  This, 
multiplied  by  the  tube’s  amplification 
factor,  is  the  gain  of  the  uncompen¬ 
sated  amplifier  in  its  medium  fre- 


Fig.  1 — Actuol  and  nquiTalent  ampliiiar 
circuits 


quency  range,  and,  if  compensating 
elements  are  chosen  in  accord  with 
the/conditions  listed  above,  it  is  also 
very  closely  the  gain  of  the  com¬ 
pensated  amplifier  in  its  medium 
frequency  range. 

The  dotted  lines  on  Fig.  2  serve  to 
illustrate  the  use  of  the  chart.  Sup¬ 
pose  the  high  frequency  parameters 
are  .4„=0.96  and  Bh=2.0.  The  dotted 
lines  show  how  values  of  gain  and 
phase  angle  are  found  for  two  dif¬ 
ferent  values  of  q,.,  that  is,  for  two 
different  frequencies. 

The  first  step  is  to  locate  the  value 
of  f/„  on  the  horizontal  .scale  at  top 
center  of  the  chart.  Starting  with 
q„  =  0.8  and  projecting  down  to  the 
inclined  line  drawn  for  /:?..  =  2.0,  the 
projection  is  then  to  the  left  and  cn 
to  the  two  curves  /, (c)  and  /, (c>. 
thence  downward  to  the  inclined  line 
drawn  for  An^O.fG.  Of  the  two 
projections,  the  one  from  fAz)  i.s 
carried  to  the  right;  the  other  is 
used  to  establish  the  distance  below 
the  line  Ah  =  0.  This  distance  is 
picked  up  and  laid  off,  on  the  q,. -scale 
in  the  center  of  the  chart,  to  the  left 
of  the  point  q„  =  0.8.  Projection 

downward  then  gives  an  intersection 
establishing  values  of  A'  and  Y.  and 
also  of  gain  and  pha.se  shift.  Here 
0.855,  y= 0.465,  relative  gain  is 
1.027  and  phase  shift  is  28.9  degrees. 

The  procedure  for  q„=3.5  (Q\, 
greater  than  one)  differs  in  two  re¬ 
spects  from  the  above  ^q„  less  than 
one).  In  the  upper  left  of  the  chart, 
the  \fy(z)  curve  is  used  instead  of 
fAz),  and  the  length  picked  up  from 
the  projection  from  this  curve  to  the 
Ai.-line  is  laid  off  along  the  vertical 
q., -scale.  Thus  the  re'ative  gain  is 
found  to  be  0.322  and  the  phase  shift 
85  degrees. 

For  high  frequencies,  positive 
phase  angles  read  from  the  chart 
mean  lagging  of  the  output  relative 
to  the  input  voltage.  For  low  fre¬ 
quencies,  positive  angles  on  the 
chart  mean  leading  of  the  output 
voltage. 

For  convenience  in  using  the  low 
frequency  parameters,  the  frequency 
scales  are  plotted  in  terms  of 
— 1/qi.d.  which  is  directly  propor¬ 
tional  to  frequency;  that  is  — 1/7^ 
—2,TzfCM\A’ 
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TUBES  AT  WORK 

Among  the  subjects  discussed  this  month 
are  an  ultra  sensitive  bridge,  a  contactless 
volume  control,  two  phototube  applica¬ 
tions,  a  hiss  silencer,  projection  tele¬ 
vision,  and  photoelectric  effects  on  neon 
tubes 


tion  with  an  autotransformer  to  supply 
the  65  volts  lost  in  the  tube  did  not 
completely  solve  the  problem  of  regu¬ 
lation,  as  there  was  a  slight  change 
in  voltage  which  operated  the  bridge. 
Of  the  numerous  types  of  gaseous  type 
voltage  control  tubes  the  874  was  fin¬ 
ally  selected  as  the  most  practical  of 
the  group.  In  the  circuit  for  testing 
the  gas,  shown  in  Fig.  3,  it  was  neces¬ 
sary  to  have  a  well  regulated  supply 
as  the  grid  current  is  constantly  be¬ 
ing  varied.  The  autotransformer  had 


An  Ultra-Sensitive 
Bridge 

By  Jo  Emmett  Jennings 

In  the  fieu)  of  electronics  and  other 
fields  of  research,  there  is  a  constant 
need  for  a  highly  sensitive  instrument 
which  has  an  extremely  high  input  im¬ 
pedance  as  well  as  a  low  power  require¬ 
ment  for  operation.  An  instrument  to 
fill  these  requirements  is  the  vacuum 
tube  bridge,  which  can  measure  to  10“" 


Fig.  1 — Original  circuit  designed  for 
the  measurement  of  bioelectric 
phenomena 


amperes.  The  purpose  of  this  partic¬ 
ular  model  is  for  measuring  vacuum 
by  means  of  positive  ion  collection  at 
the  anode  of  a  radio  tube. 

Operation  of  the  Bridge 

An  article  published  in  Electronics 
in  October  1936  by  Burr,  Lane  and 
Nims  describes  a  direct  current  oper¬ 
ated  bridge  which  was  designed  to 
measure  bioelectric  phenomena.  The 
original  circuit  is  shown  in  Fig.  1, 
and  the  shielded  unit  consisted  of  the 
bridge  and  batteries  to  eliminate  the 
external  electrical  forces  which  might 
upset  the  balance.  Type  112A  tubes 
were  used  in  the  circuit  as  they  were 
the  best  available  at  the  time  the  unit 
was  designed.  The  operation  is  normal 
and  the  adjustment  simple  if  one  prin¬ 
ciple  is  clearly  understood.  In  a  triode 
vacuum  tube  with  proper  adjustment 
it  is  possible  for  the  grid  to  require 
no  power  and  is  at  an  equilibrium.  This 
is  known  as  the  floating  grid  condition. 
In  actual  operation  the  grid  voltage 
applied  externally  is  exactly  equal  to 
voltage  or  potential  the  grid  would  seek 
if  it  were  not  connected  in  the  circuit. 


Figure  2  shows  the  complete  diagram. 
Ri  (5000  ohms)  is  the  plate  balancing 
resistor;  iJj  (20,000  ohms)  is  the  bias 
control.  A  switch  changes  the  0-100 
microammeter  to  the  0-20  microamme¬ 
ter.  For  the  operator  who  is  not  thor¬ 
oughly  familiar  with  sensitive  meters 
it  is  a  good  idea  to  use  a  variable 
shunt  across  the  meter  to  avoid  dam¬ 
age  to  the  sensitive  movement.  To  ar¬ 
rive  at  the  proper  grid  bias  practically, 
it  is  necessary  to  first  set  the  variable 
plate  balance  resistor  f?,  at  approxi¬ 
mately  the  same  resistance  as  the  fixed 
resistance  in  the  plate  lead  of  the  other 
tube.  R,  is  next  adjusted  and  set  at  a 
point  whre  the  meter  is  at  zero.  The 
input  selector  switch  is  rotated  from 
low  to  high  resistance.  Should  there 
be  any  movement  of  the  meter  the  grid 
is  not  balanced  and  the  plate  and  grid 
controls  must  be  readjusted  until  no 
movement  occurs  when  the  input 
switch  is  rotated.  * 

Problems  in  Design 

An  experimental  model  was  con¬ 
structed  adapting  the  circuit  in  Fig. 
1,  to  be  used  on  alternating  current. 
The  first  of  the  problems  encountered 
was  the  instability  of  the  meter  due 
to  changes  in  line  voltage.  The  addi¬ 
tion  of  an  876  ballast  tube  in  conjunc- 


Fig.  3 — Gas  testing  circuit 


all  the  qualifications  except  that  its 
magnetic  field  threw  the  bridge  com¬ 
pletely  out  of  adjustment  when  the 
arm  was  varied.  A  large  shield  was 
used  to  isolate  the  transformer.  In 
the  experimental  model  using  the  112.4 
tubes,  no  position  of  the  balancing  re¬ 
sistors  would  give  a  perfect  balance 
of  the  bridge.  The  cause  was  finally 
attributed  to  the  leakage  in  the  tube 
base  which  was  made  of  bakelite.  Even 
after  the  tubes  were  debased  complete 
balance  was  impossible.  Several  112 A 
tubes  were  measured  and  found  gassy. 
There  was  also  the  aging  process  which 
consisted  of  lighting  the  filament  for 
250  hours  to  stabilize  the  filament  emis¬ 
sion. 


S8 
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SPECIF/C4TIONS 


Capacitance  8.5  /i/if  minimum, 
145  fifii  maximum;  Equivalent 
series  inductance  0.0055  /th;  Insu¬ 
lation  Polystyrene  and  Mycalex; 
Rotor  and  stator  plates  insulated 
from  ground;  Three-hole  panel 
mounting. 


Type  755-A  Condenser  . .  .$35.00 


•  WRITE  FOR  BULLETIN  471  FOR  COMPLETE  DATA 


New 

Variable 

Condenser 


#  FOR  USE  IN  high-  and  ultra-high  fre¬ 
quency  circuits  the  new  G-R  Type  755-A 
Condenser  fills  a  demand  for  a  compact, 
precision-built,  ruggedly  constructed  varia¬ 
ble  condenser  with  low  losses,  very  low  series 
inductance  and  low  effective  resistance. 


FEATURES 


A  Stainless  steel  rotor  shaft 
B  Rotor  contact  ring  of  nickel  silver  with 
pure  silver  overlay;  4-finger  silver  con¬ 
tact  brush 

C  Polystyrene  rotor  insulation;  Mycalex 
stator  insulation 

D  Heavy,  copper-plated,  soldered  brass 
rotor  and  stators 

E  30:1  precision  worm  drive  with  spring  in 
indicator  drum  to  prevent  backlash 
F  Drum  scale  engraved  with  15  divisions 
G  Removable  paper  scale  for  individual  cali- 
brotions 

H  Removable  base  plate  and  cover  of 
nickel-plated  brass 
I  Ball  bearings  on  main  shaft 
J  Heavy  cast-aluminum  box;  3-point  panel 
suspension 

K  Worm  dial  with  100  divisions  on  scale 


GENERAL  RADIO  COMPANY  MASSACHUSETTS 
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SHALLCROSS 

Solid  Silver  Switches 


ificatiof^s 


Exacting 


Types  532  and  53  I  can  he  fur- 
nished  with  from  2  to  15  con-  - 

tacts  with  shorting  or  non-short-  F  1 

ing  contact  arm  of  bronze  or  I 

multi-leaf  silver.  Switch  plates  I 

are  ceramic  with  a  surface  leak-  jl 

resistance  with  silver  arm  is  only  ^  ^ 

.00075  ohms.  Contacts  will  safely  break  15  amps,  non-induc¬ 
tive  load,  and  withstand  2000  V.  For  complete  data  on  these 
high  grade  inexpensive  switches  write  today  for  Bulletin 
500  Kl. 


Fiq.  4 — Front  and  roar  tIowb  oi 
tho  bridqo 


With  these  ideas  in  mind  a  search 
was  made  for  a  simple  tube  which  had 
stable  emission,  low  leakage  resistance 
between  the  grid  and  filament,  and  low 
resistance  between  the  plate  and  grid. 
The  Eimac  “Twin”-30  was  finally  se¬ 
lected  as  the  most  suitable  of  all  the 
tubes  now  manufactured.  After  its 
installation  the  bridge  became  very 
stable.  In  fact  after  two  months  of 
intermittent  operation  there  is  no  trace 
of  change  in  reading  of  the  instrument. 


HIGH  VOLTAGE 
RESISTORS 


The  new  Shallcross  tubular 
high  voltage  resistor  with 
ceramic  shell  is  designed 
specifically  to  be  moisture- 
proof  and  dust-proof  as  it 
is  hermetically  sealed.  May 
be  subjected  to  high  and 
low  temperatures.  It  is 
manufactured  with  ter¬ 
minal  facilities  to  suit  any 
requirements.  It  can  be 
furnished  in  one  megohm 
to  30  megohms.  Send  for 
Bulletin  705-K. 


.4  Contactless 
Volume  Control 

By  H.  S.  Polk 

When  conventional  radio  type  vol¬ 
ume  controls  were  used  in  electric 
organs  with  which  the  author  had  ex¬ 
perience,  they  soon  l)ecam€  noisy  be¬ 
cause  of  their  almost  continuous  opera¬ 
tion  and  because  of  their  location  in 
low  level  amplifier  stages.  To  overcome 
this  difficulty  and  also  to  allow  for  the 
placement  of  the  control  at  a  distance 
from  the  amplifier  a  new  type  of  con¬ 
trol  was  developed. 

Briefly,  volume  control  is  achieved  by 
varying  the  bias  on  one  of  the  control 
grids  of  a  variable  a  tube.  The  vari¬ 
able  bias  is  obtained  by  rectifying  the 
output  voltages  produced  by  a  special 
transformer  in  which  the  coupling  be¬ 
tween  primary  and  secondary  winding^^ 
is  adjustable  over  a  wide  range.  Rela¬ 
tive  displacement  of  the  windings  1"= 
produced  by  adjustment  of  the  swell 
pedal  position  which  therefore  controls 
volume  level  as  in  a  pipe  organ. 


SHALLCROSS  MFC.  COMPANY 


COLLINGDALE  ....  PENNA 
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CBS  TELEVISION  ANTENNA 


Another  Achievement 
of  lsolantite*s  Cooperative  Design  Service 


H#  An  outstanding  example  of 
Isolantite’s  service  and  coopera¬ 
tion  with  other  organizations  is 
the  Antenna  System  at  Columbia 
Broadcasting’s  new  television 
station  in  the  Chrysler  Tower. 
Through  close  collaboration  with 
the  engineers  of  CBS  and  RCA, 
this  unique  television  antenna 
system  was  prinluced.  Starting  with  the  fundamental  elec¬ 
trical  and  physical  requirements  laid  down  by  these 
engineers,  Isolantite  developed  the  mechanical  design  of 
the  antenna  in  cooperation  with  CBS,  and  manufactured 
the  entire  system  —  dipole  antennae,  transmission  lines, 
junction  boxes,  and  matching  equipment. 

Service  of  this  kind  is  typical  of  Isolantite’s  ability  to 
offer  consulting,  design,  and  manufacturing  experience 
to  other  organizations  in  the  television  and  radio  fields. 
In  the  design  of  a  small  insulating  part  or  a  complete 
antenna  system,  Isolantite’s  broad  expverience  can  be  of 
assistance  to  you. 

Both  Isolantite*  and  the  lower-loss  Iso-Q  for  ultra 
high  frequencies  can  be  economically  produced  in  new 
forms  to  meet  changing  trends  in  radio  and  television  — 
and  Isolantite  constantly  studies  these  trends  to  antici¬ 
pate  the  requirements  of  the  companies  it  serves.  Let 
Isolantite’s  specialized  knowledge  help  you  in  your  own 
insulation  problems. 


*Regtslrrrd  Trade-name  for  the  prodnctt  of  Isolantite  Ine. 


Factory;  Belleville,  N.  J.  •  Sales  Offlcei  233  Broadway,  New  York,  N.  Y. 


Referring  to  the  accompanying  figure 
the  6L7  tube  is  in  one  of  the  low  level 
stages  of  the  main  organ  amplifier.  The 
signal  voltage  is  fed  to  grid  No.  1  and 
the  amplified  signal  which  is  developed 
in  the  plate  circuit  is  passed  on  to  the 
next  stage  in  the  usual  manner.  The 
tube  is  pentode  connected  and  provided 
with  decoupling  circuits  in  the  screen 
and  plate  leads.  The  amplification  is 
controlled  by  control  of  the  bias  on  grid 
No.  3. 

The  variable  coupling  transformer 
is  located  in  the  back  of  the  console, 
the  primary  winding  being  fixed  in 
position  and  the  secondary  fastened 
to  the  swell  pedal.  The  secondary  volt¬ 
age  is  rectified  by  the  6H6  double  diode, 
filtered  by  resistors  Ri  and  Rt  and  con¬ 
densers  Cl  and  Cj,  and  applied  to  the 
volume  control  grid  of  the  6L7.  For  a 
densers  Ci  and  C»,  and  applied  to  the 
depressed  in  front  bringing  the 
primary  and  secondary  into  closer 
proximity  and  thereby  increasing  the 
secondary  voltage  and  d-c  bias.  Con¬ 
versely  when  the  amplifier  gain  is  to  Ik* 
increased  the  foot  pedal  is  moved  to  a 
more  nearly  horizontal  position.  This 
decreases  the  coefficient  of  coupling, 
secondary  voltage  and  grid  bias. 


Ferranti  design 


Ferranti  first  introduced  HUM  FREE  TRANS¬ 
FORMERS  and  INDUCTORS  for  audio  work. 
Then  in  view  of  the  tremendous  advantage  resulting 
from  the  use  of  self-shielded  transformers  a  further 
step  was  taken  and  HUM  FREE  POWER 
TRANSFORMERS  and  FILTER 

P  CHOKES  were  made  available. 

Today,  in  addition  to  hum  free 
power  and  audio  equipment  this 
same  construction  is  being  applied 
to  many  special  applications  with 
remarkable  results. 

Whether  your  problem  be  the 
elimination  of  hum  or  any  other 
engineering  problem,  Ferranti  en¬ 
gineers  can  be  of  service,  and  you 
are  obligated  in  no  way. 


Primary 


Swell 

pedal- 


The  Tariable  coupling  traniiormer 
provide!  control  of  volume 


The  transformer  primary  has  an  air 
core  into  which  the  iron  core  secondary 
may  slide.  An  alternative  method  of 
varying  the  coupling  would  be  to  make 
both  primary  and  secondary  windings 
stationary  and  vary  the  position  of  the 
core  or  the  reluctance  of  the  magnetic 
circuit  by  movement  of  the  swell  pedal. 

The  filter  circuit  should  be  designed 
to  eliminate  any  ripple  voltage  from 
the  bias  but  the  time  constant  should 
not  be  made  too  great  or  the  response 
to  movement  of  the  swell  pedal  will  be 
sluggish.  Good  results  were  obtained 
by  making  Ci  =  Ci  =  O.l^f,  Rx  = 
250,000  and  R%  —  500,000  ohms. 

It  should  be  noted  that  this  method 
of  control  is  entirely  free  from  sliding 
contacts  and  hence  noise  is  completely 
and  permanently  eliminated.  A  second 
advantage  is  the  possibility  of  locating 
the  amplifier  some  distance  away  from 
the  point  of  control.  In  this  case  only 
the  variable  coupling  transformer  need 
be  in  the  console  and  the  leads  con¬ 
necting  it  to  the  rectifier  cannot  intro¬ 
duce  extraneous  noise  into  the  main 
amplifier  circuit.  Hence  shielded  wires 
do  not  have  to  be  used  nor  their  capac¬ 
ity  reckoned  with. 


ELECTRIC 
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To  prove  that  this  little  hair 
is  actually  a  tube  it  has  been 
encased  in  a  Lucite  Quadralon 
filled  with  oil.  Nitrogen  at 
50  lbs.  pressure  is  forced 
through  the  tube  and  forms 
a  minute  chain  of  bubbles 
rising  to  the  surface  .  .  .  Ex¬ 
hibit  is  shown  at  left  and  mag¬ 
nified  close-up  below. 


.0026  tubing,  all  magnifieC 
180  diameters.  A  one-pouno 
coll  of  this  tubing  is  approxi 
mately  eleven  miles  long. 


You  designers  and  engineers  who  like  to  work  way  back  of  the  decimal  point  woiild 
be  interested  in  on  astounding  bit  of  craftsmanship  on  view  at  the  World's  Fair.  Thou¬ 
sands  visiting  the  West  Virginia  building  have  marveled,  as  they  peered  through 
powerful  lenses,  at  an  infinitesimal  speck  of  pure  nickel  tubing  exactly  .0026'^  OD, 
with  a  wall  thickness  of  only  .0007  .  .  .  As  for  as  we  know  this  is  the  smallest 
tube  ever  drown  and  we  doubt  if  it  will  find  many  practical  applications.  But  it  is 
ample  evidence  that  the  drawing  of  fine  small  tvibing  has  been  brought  to  an  exact 
science  here  at  Superior. 


SUPERIOR  TOTE  PRODUCTS 

Carbon  Steels,  Alloy  Steels  and  Tool  Steels,  Stoinless  Steels,  Alxuninum,  "Inconel",  NickeL 
WELDRAWN:  Carbon  Steels  and  Stainless  Steels.  *  BRAWN:  "Monel"  and  "Inconel". 


SEAMLESS; 

"Monel". 


Reqistared  U.  S.  Trada-mark 


SUPERIOR  TUBING 
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In  some  applications  it  is  desirable  to 
be  able  to  control  the  pain  of  a  number 
of  independent  amplifiers  by  a  single 
volume  control.  This  may  be  readily 
done  by  supplying  this  variable  a-c  volt¬ 
age  or  the  rectified  but  unfiltered  volt¬ 
age  to  the  amplifiers  in  question.  Each 
amplifier  will  contain  its  own  bias  filter 
circuit  unless  circumstances  make  it 
more  economical  to  have  but  one  main 
filter  and  use  shielded  wire  to  connect 
the  amplifier  to  the  master  gain  con¬ 
trol. 

Finally,  it  will  be  seen  that  this 
method  of  control  tends  to  stabilize  the 
gain  of  the  amplifiers  to  which  it  is 
connected  against  changes  due  to  line 
voltage  variation.  If  the  line  voltage 
falls  tending  to  reduce  the  overall 
amplification  the  bias  voltage  will  also 
fall  due  to  the  decreased  primary 
voltage,  and  thereby  tend  to  hold  the 
gain  up. 


'if  New  roller  contact  .  .  .  practically  eliminatet  contact  wear. 

if  New  glass  insulated  wire  .  .  .  for  positive  dependability. 

if  New  large,  copper,  heat  radiating  disc  .  .  .  for  cooler  operation. 

if  New  copper  alloy  collector  ring  . . .  eliminates  pigtails  and  loose  connections. 

if  Core  type  lamination  .  .  .  for  maximum  ruggedness  and  minimum  spdee. 

if  New  top  and  bottom  mounting  .  .  .  for  panel,  chassis,  or  bench  service. 

M»*i-  Addto*  •  COXTR(H.I.IN<;:  I.ln.- 

Type  Watta  mum  Wt.  ’  Voltaue,  KeetiHer  Outpiil,  Motors. 

Voltage  \oltage  Amps.  Lbs.  Price  Heaters,  etc. 

-#  ~  115  volts  0-130  m  2  8  S7.5«  *  ''triable  voltage  traniformeri  for 

- - -  smooth  voltage  control.  VARITRAN 

230  volts  t>-260  230  _ 1 _ 10  V.5S  units  employ  a  special  non-fusing  roller 

-1  115  volts  0-130  570  5  11  ^0.0«  contact  to  contact  the  exposed  turns 

: - - of  an  auto-transformer  winding. 

115  volts  0~130  ^ _ *5  **  Rugged  construction  is  employed,  with 

-2  115  volts  0-130  570  5  11  9.M  glass  insulation  to  assure  dependabil- 

r:~r - rrr — r - „  „„„  — — - — - ; - ity.  Output  of  115  Volt  unit  variable 

•2-B  230  volts  0-260  570  2.5  14  II. 5>  0.|3q  jjBO  Volt  unit;  0-260 

’-3  115  volts  0-130  850  7.5  14  14. ••  V.)  smoothly  without  interrupting  cir- 

230  voitT  ~ii^  aTzi  «>» 

-4  -f  115  volts  0-130  1250  11  32  3S.SS 

- - - -  e  Maximum  Amp.  rating  applies 

^  35  35. SS  from  0  to  20  and  95  to  130  volts.  Be- 

’•5  115  volts  0-130  1950  17  45  32. VO  tween  20  and  95  volts  current  rating 

,  ■  - rrr — r - „  „„„ - — — - — -r - — ; - - -  -  tapers  off  to  50%  of  rated  current  at 

-5-B  230  volts  0—260  1950  8.5  56  37.  W  y  point 

’-V  115  volts  0-130  3500  30  90  M.W 

.  „  „ - — - — - - T'Trr - - 71 - rr - _  ~  —  •  Top  and  bottom  mounting  for  labo- 

230  volte  0-300  3500  15 _ 00  ^*  0*  ratory  bench  or  panel  mounting.  All 

'•7  115  volts  0-130  5000  44  120  87.  V#  units  supplied  mounted,  with  terminal 

230  volt.  C)!*'*'** 


Iiiiprovefl  PhototiilM* 

Register  Control 

By  the  I'SE  of  the  single  source  of 
light  and  a  rotating  optical  jirojection 
.system,  Westinghouse  engineers  have 
succeeded  in  producing  a  highly  accur¬ 
ate  register  control  and  have  applied  it 
to  a  lithographic  press  of  the  Redson- 
Rice  Corp.  in  Chicago.  This  press 
is  used  for  two-color  lithographing 
of  envelopes  and  letterheads,  and  it  is 
necessary  to  control  the  position  of  the 
paper  so  that  the  two  colors  will  be  in 
proper  relationship.  The  paper  pas.ses 
through  the  lithographing  press  on  a 
roller  of  black  material.  Consequently 
at  the  edge  of  the  paper  there  is  a 
sharp  distinction  between  the  white 
of  the  paper  and  the  black  roller  sur¬ 
face.  On  this  dividing  line,  the  newly 
developed  light  source  is  focussed. 


UNIVERSAL 

VARITRANS 

These  VARITRANS  have  a 
115/230  V.  primary  winding 
and  a  smoothly  variable  sec¬ 
ondary  from  0-28  volts.  Line 
voltage  control  can  be 
effected  for  102/140  V.  or 
197/243  volts  to  115  V.  or 
220  volts  respectively.  The 
28  volt  secondary  can  also 
be  used  for  low  voltage 
lights,  cauteries,  trains,  recti¬ 
fiers,  etc.  The  primary  and 
secondary  windings  can  be 
arranged  to  effect  variable 
220/115  or  115/220  volt  ar¬ 
rangements.  Appearance  as 
in  Fig.  A  above. 


Max.  Amps. 
Output 


Approx. 

Dlmenstons 


Approx. 
Welglit,  Lbs. 


Net 

Price 


Light  reilected  from  the  roller  con 
troll  the  regiiter 


The  light  source  consists  of  a  single 
lamp  whose  light  is  projected  on  to  the 
roller  through  four  equally  spaced 
lenses,  which  are  mounted  around  the 
edge  of  a  disk.  This  disk  is  driven  by 
a  motor.  Consequently  the  light  pass¬ 
ing  through  the  four  lenses  is  dis¬ 
tributed  in  a  circular  form,  shown  in 
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Type 

Input 

Voltage 

Output 

Voltage 

Watta 

Maxi¬ 

mum 

Amps. 

A^ox. 

Lbs. 

Net 

Price 

v-v 

115  volts 

0-130 

230 

2 

8 

87.5# 

V-V-B 

230  volts 

0-260 

230 

1 

10 

9.5# 

V-l 

115  volts 

0-130 

570 

5 

11 

10. •• 

V-l-M 

115  volts 

0-130 

570 

5 

12 

15.  •• 

V-2 

115  volts 

0-130 

570 

5 

11 

9.## 

V.2-B 

230  volts 

0-260 

570 

2.5 

14 

11.5# 

V.3 

115  volts 

0-130 

850 

7.5 

14 

14. •• 

V.3-B 

230  volts 

0-260 

850 

3.75 

18 

18.  •• 

V-4  -9 

115  volts 

0-130 

1250 

11 

32 

3#.## 

V-4-B 

230  volts 

0-260 

1250 

5.5 

38 

25. •• 

V-S 

115  volts 

0-130 

1950 

17 

45 

32. #0 

V-S-B 

230  volts 

0-260 

1950 

8.5 

56 

37.  •« 

V-V 

115  volts 

0-130 

3500 

30 

90 

V#.## 

V-V-B 

230  volts 

0-260 

3500 

15 

90 

7#.## 

V-7 

115  volts 

0-130 

5000 

44 

120 

87.  •• 

V.7-B 

230  volts 

0-260 

5000 

22 

120 

95. •« 

J-40230 


instruments  take  care  of  unusual 
cations.  All  must  conform  to  West- 
)use  standards  of  accuracy,  pre- 
n  and  long  life. 

k  any  Westinghouse  office  for  fur- 
information  and  prices.  Send  for 
copy  of  Booklet  2219  —  it  contains 
ible  information  on  the  Westing- 
<  system  of  electrical  analysis, 
icss  Westinghouse  Electric,  East 
ibur^h.  Pa.  Dept.  7-N. 


KET  INSTRUMENTS 
nwmical  Kualysh 


RECORDING  INSTRUMENTS 


WATTMETERS 

Single  -  phase  or 
polyphase.  1 1  5 
rolls— 3,  10,  and 
20  amps  capacity. 
Accuracv  within 


RECORDERS 
Circular  chan 
voltmeters  up  to 
730  volts  and 
ammeters  to  1 23- 
ampere  capacity 
—  1,  3,  or  7 -day 
chart.  Accuracy 
within  3®J. 


TEST  JACK 
Convenient 
means  of  con¬ 
necting  an^  con¬ 
ventional  instru¬ 
ment  for  test  pur¬ 
poses. 


INDUSTRIAL  ANALYZERS 

Applicable  with  test  jack.  Give 
k  complete  test  data  without  a 
M  single  wiring  change.  Save 
W  time  and  expense. 


TYPE  U 

Voltmeters  and  ammeters,  both 
portable  and  switchboard.  Easy 
to  install  and  operate,  light  in 
weight.  Records  continuous 
8-day  operation.  Minimum 
friction.  Accuracy  within  3%. 
Permits  assembling  of  data 
which  otherwise  would  not  be 
available  without  considerable 
expense. 


TYPE  A 

Circular  chart  voltmeters  and 
ammeters,  switchboard  or 
portable.  For  measuring  load 
curves,  station  curves  and  for  a 
wide  range  of  industrial  appli¬ 
cations.  Accuracy  within  3%. 


TYPE  G-40 

Direct-acting,  strip-chart  volt¬ 
meters,  ammeters,  wattmeters, 
and  varmeters  for  35,  17,  8,  or 
3 -day  records.  Chart  speeds  — 
1  Vi,  3  and  6  inches  per  min¬ 
ute  or  inches  per  hour.  Accuracy 
within  1%. 


500  m  WATTS  CARRIER  ON  33.1  MEGACYCLES 


the  accompanying  photograph,  in  such 
a  way  that  one-half  the  circle  rests  on 
the  paper  and  the  other  half  on  the 
black  surface  of  the  roller.  When  the 
distribution  of  light  betwen  the  two 
surfaces  is  equal,  the  phototube  which 
views  the  light  assumes  a  balanced 
condition.  However,  if  the  paper  tends 
to  move  one  way  or  the  other,  the 
amount  of  light  falling  on  it  relative 
to  that  falling  on  the  roller  decreases 
or  increases.  This  change  in  light,  in¬ 
terpreted  by  a  phototube,  is  trans¬ 
ferred  to  a  relay  circuit  which  in  turn 
actuates  a  motor.  This  motor  is 
geared  to  the  roller  and  operates  to 
correct  the  displacement  of  the  paper. 
The  use  of  a  single  source  of  light 
and  the  rotating  optical  system  has 
resulted  in  an  exceedingly  accurate 
and  rapid-acting  correction  system. 
When  the  paper  travels  at  the  normal 
speed  of  5.4  feet  per  second  an  otT- 
register  correction  of  3*2  inch  can  be 
compensated  in  one  tenth  of  a  second. 
Smaller  displacements  are  corrected  in 
proportionately  smaller  time.  As  a  re¬ 
sult  of  this  installation  the  lithographic 
operations  have  reduced  by  75  per  cent 
the  waste  of  paper  due  to  imperfect 
color  register. 


EIMAC 

250T 


DeiiioiiHtrutioii  of  Bainl 
Largfe-Sereeii  Television 

Demonstrations  of  the  projection  tele¬ 
vision  equipment  developed  by  the 
Baird  Television  Corporation  in  Eng¬ 
land  have  been  conducted  in  New  York 
City  with  the  cooperation  of  the  Gau- 
mont-British  Film  firm.  The  picture 
size  is  12x9  feet,  although  a  picture 
20x15  feet  can  be  readily  reproduced 
by  the  same  equipment.  The  equipment 
has  been  modified  to  receive  the 


N.  ^ - Police  Radio  Station  "KQBH"  Kansas  City,  Kansas 

Built  by  Fred  M.  Link,  Consulting  Radio  Engineer. 

See  this  transmitter  on  display  at  the  APCO  National  Convention. 

When  the  Kansas  City,  Kansas  Police  of  the  finest  materials  available  and 
Department  decided  to  install  a  new  although  these  tubes  cost  more  than 
radio  transmitter  they  selected  Fred  M.  the  average  to  produce  their  ability  to 

Link — Consulting  Radio  Engineer  to  outperform  most  others  enables  you  to 

build  it.  When  Fred  M.  Link  got  the  make  economies  that  more  than  offset 
job  he  selected  Eimac  tubes  for  the  im-  the  original  cost.  For  Example:  An 
portant  sockets.  Result!  Kansas  City  Eimac  250T  tube  at  $24.50  will  do  the 
Police  are  assured  of  dependable  com-  work  of  other  tubes  costing  $85.  And 
munications.  another  thing — "Eimac  tubes  are  un- 

With  a  pair  of  Eimac  250TH’s  in  the  conditionally  guaranteed  against  tube 
final,  modulated  by  another  pair  of  failures  which  are  caused  by  gas  re- 
250TH’s,  this  transmitter  gives  a  500  leased  internally" — no  other  tube  car- 
watt  carrier  on  33. 1  megacycles.  ries  such  a  guarantee. 

The  ever  increasing  list  of  important 
commercial  radio  transmitters  that  are 
using  Eimac  tubes  should  bring  home 
to  you  the  fact  that  Eimac  tubes  really 
offer  decided  advantages.  Here  is  one 
important  point  that  you  should  re¬ 
member:  Eimac  tubes  are  constructed 


TelcTiiion  proi*ctor  unit.  Because 
of  the  hiqh  coat,  one  lent  ia  uaed 
for  the  main  and  apare  proiectors 


American  (R.M.A.)  standard  transmis¬ 
sions.  The  demonstration  is  by  far  the 
most  impressive  of  any  projection  tele¬ 
vision  seen  by  the  editors  in  this  coun¬ 
try.  The  screen  brightness  is  less  than 
that  of  a  movie  of  the  same  size  (a 
rough  estimate  is  that  the  sci'*en 
brightness  is  about  one-quarter  that  of 
the  usual  motion  picture  projection) 
but  it  is  still  perfectly  adequate  for  the 
purpose.  The  detail  of  the  images  left 


EITEL-McCULLOUGH,  INC. 

788  San  Matao  Straat,  San  Bruno,  Calif. 


September  1939  —  ELECTRONICS 


• 

• 

^1 

1 

• 

1 

i  •••  - 

• 

•  • 

1  t 

•  m 

m  *  •  * 

s 

J 

mUBM 

B 

CORNELL  -DUBILIER 

ELECTRIC  CORPORATION 


1006  Hamilton  Boulevard,  South  Plainfield,  New  Jersey 

Cable  Address :  “COBDU" 


ELECTROI-VTIC 

capacitobs^ 


I  HE  advanre  engineering  design  of  these 
new  type  UP  Etched  Foil  Dry  Eleetrolyties 
is  the  result  of  many  years  of  intensive 
research  in  the  C*D  laboratories. 


CAPACITOR 

WINDING 


VENT  HOLE. 


This  research  has  made  possible:^ 

*  Minimum  capacity  change  over  wide  tem¬ 
perature  range. 

*  Great  reduction  in  physical  size — up  to  40% 
for  some  types. 

*  Increased  life  expectancy. 

*  Reduced  direct  current  leakage. 

*  Reduced  eqtiivalent  series  resistance. 

*  Higher  breakdown  voltage. 

*  Improved  audio  and  radio  frequency  im¬ 
pedance  characteristics. 

The  type  UP  is  the  smallest  can  type  capacitor 
available,  and  can  be  supplied  in  single,  dual,  triple 
and  quadruple  capacity  combinations.  Complete 
physical  and  dimensional  data  will  be  supplied  on 
request. 


HEAVY  ALUMINUM 
LEAD  TABS 


lmounting  tongue 


MOULDED  BAKELITE 
TERMINAL  BLOCK 


HIGH  PURITY  ALUMINUM 
SLEEVE  SEALED  TO  TAB 
LEAD  FROM  CAPACITOR 
aMOULDED  IN  BAKELITE 


SOLDER  LUG  MOULDED 
INTO  TERMINAL  BLOCK 


BREAKDOWN  VOLTAGE 
CHARACTERISTICS 
ETCHED  FOIL  DRY  ELECTRO¬ 
LYTIC  CAPACITORS 

AMdiCNT  TCMPCRATUfle  2t«C 


PRODUCT  OF  THE  WORLD'S  OLDEST  AND 
LARGEST  MANUFACTURER  OF  CAPACITORS 


□ 

□ 

□ 

□ 

□ 

□ 

j 
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of  Valu 


MXXJianciz 


Select  Richardson  as  your  source  of  supply 
for  all  laminated  and  molded  plastics.  Enjoy 
the  extensive  manufacturing  facilities,  as  well 
as  the  services  of  highly  specialized  techni¬ 
cians  in  engineering,  design  and  research 
laboratories,  of  this  complete  organization. 
Whatever  your  requirements,  consult  Richard¬ 
son.  An  interview  will  be  advantageous. 


INSUROK 

the  Precision  Plastic 


RICHARDSON  COMPANY 

MELROSE  PARK.  (CHICAGO)  ILL  FOUNDED  1858  LOCKLAND.  (CINCINNATI)  OHIO 
NEW  BRUNSWICK.  N  J  INDIANAPOLIS.  IND 

DETROIT  office:  4-252  G  M  BUILDING.  PHONE  MADISON  9386 
NEW  YORK  office;  75  WEST  STREET.  PHONE  WHITEHALL  4-4487 


Power  eupply  tor  the  teleTieion 
protector 

The  projection  tubes  are  two  in  num¬ 
ber,  one  beinjr  used  as  a  spare.  The 
tubes  have  a  somewhat  spherical  shape 
with  a  flat  fluorescent  screen  presented 
to  the  lens  system.  The  tubes  are  map:- 
netically  focussed  and  magnetically  de¬ 
flected.  The  power  supply  for  the 
tubes,  shown  in  the  accompanying  pic¬ 
ture,  develops  50,000  to  55,000  volts 
and  is  capable  of  10  ma  output.  Actu¬ 
ally  between  300  and  400  microam¬ 
peres  are  consumed  by  the  tubes  in  an 
operation.  The  control  electrode  of 
the  projection  tube  requires  a  peak-to- 
peak  video  signal  of  about  300  volts. 
The  life  of  the  tube  under  ordinary 
operating  conditions  is  between  75  and 
200  hours. 

The  lens  system  used  to  project  the 
image  from  the  fluorescent  screen  on 
to  the  viewing  screen  is  of  special 
design,  and  is  by  far  the  most  costly 
item  in  the  equipment.  Its  stop  open¬ 
ing  is  between  f/1.5  and  f'2  and  the 
diameter  of  the  lens  is  about  7  inches. 
The  lens  system  is  somewhat  restricted 
inasmuch  as  it  offers  but  cne  position 
relative  to  the  projection  tul)e  at  which 
the  lens  will  produce  a  focussed  image. 
This  is  of  no  particular  consequence 
since  the  position  of  the  projecting 
equipment  is  ordinarily  fixed  in  the 
theatre  and  the  viewing  screen  does  not 
change  its  position  relative  to  the  rest 
of  the  system.  In  the  particular  instal¬ 
lation  shown,  the  distance  of  the  pro¬ 
jection  machine  to  the  screen  is  about 
28  feet.  Because  of  the  great  expense 
of  the  lens  system,  only  one  lens  is 
provided  in  the  projection  equipment. 
All  the  other  equipment  is  provided  in 
duplicate,  including  the  receiver,  power 
supply  and  projection  tube.  The  lens  is 
mounted  so  that  it  can  be  shifted  from 
one  tube  to  the  other  in  a  very  short 


little  to  be  desired.  The  lines  of  the 
i  image  could  be  discerned  on  close  in- 
I  spection,  and  the  detail  along  each  line 
indicated  that  at  least  250-line  detail 
and  probably  closer  to  the  350-line  de¬ 
tail  was  actually  being  reproduced.  The 
only  defect  in  the  picture  noticeable, 
comparable  with  performance  of  ordi¬ 
nary  cathode  ray  television  images, 
was  the  fact  that  the  retrace  lines  were 
faintly  visible  throughout  the  perform¬ 
ance.  This  was  no  doubt  the  result  of 
the  attempt  to  obtain  the  maximum 
brilliance  in  the  reproduction. 
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Tm  trcmandous  response  accorded  the  new 
1/4 -watt  Insulated  Type  BT  Resistor, 
/merely  upon  submission  ol  engineering 
samples  to  a  comparatively  few  large  concernsl 
indicates  again  the  widespread  acceptance  of' 
the  IRC  Metallized  resistance  principle  among 
oqifical  users.  During  its  first  year  this  little 
jmii  established  a  sales  record  probably  never 
before  equalled  in  the  resistance  Held. 

The  IRC  Type  BT.1/4  is  only  1/8"  by  3/8"  in 
size,  thus  makir  g  it  adaptable  and  economical 
for  a  wide  range  of  modern  engineering  re- 
<|uixements.  It  incorporates  all  of  the  exclusive 
construction  features  and  excellent  chara^er- 
cs  of  the  larger  1/2-,  1-  and  2-watt  Insu- 
ted  Metallized  Resistors.  Now,  with  still 
rther  expansion  of  already  elaborate  pro¬ 
duction  faci^es,  we  are  taking  this  means 
of  a'nnouxvefl^  its  general  availability  for 
original  eqFU;^gj|Eient.  ^ 

nrhalNATlONAL  rbsistance  company 

403  19.  BnMid  pi. 


»,cjf  * 


ALL  FIXED  andVARIASLE  TYPES 
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time.  In  the  event  of  failure,  therefore, 
it  is  a  matter  of  a  few  seconds  to  shift 
from  one  set  of  circuits  to  the  other. 
The  equipment  is  substantially  the 
same  as  that  used  by  several  British 
theatres  for  showing  television  pro¬ 
grams  to  the  public. 


AlSiMag 


Thirty-seven  years  of  ceramic  leadership  backed  by  the  best  of 
materials,  equipment,  and  personnel  enables  us  to  give  you  the 
finest  in  ceramics  at  prices  you  can  afford  to  pay. 


Plioloeleetrie  EflFeols  on 
Neon  Tubes 

By  Arthur  K.  Bakkr 

In  any  circuit  using  small  neon 
glow  lamps  (such  as  the  GK  types 
G-10,  S-14,  T-4J  and  probably  others) 
under  conditions  where  the  breakdown 
voltage  is  of  importance,  it  is  often 
necessary  to  considei  certain  photo¬ 
electric  effects  observable  in  many  of 
the  bulbs  commercially  obtainable. 

The  author  first  observed  the  effect 
of  light  on  neon  bulbs  in  a  simple 
audio  oscillator  used  as  a  nerve  stimu¬ 
lator  at  Harvard  Medical  School.  This 
oscillator  consisted  basically  of  a  con¬ 
denser  charging  through  a  high  re¬ 
sistance  and  discharging  through  a 
neon  bulb.  When  the  cover  of  the 
box  containing  the  apparatus  was 
raised,  thus  exposing  the  glow  lamp 
to  the  light,  the  frequency  of  the 
oscillations  was  increased,  more  or 
less  proportionally  to  the  amount  of 
light  falling  on  the  glow  lamp. 

Later  this  phenomena  was  made 
the  subject  of  a  brief  laboratory  study, 
with  some  quantitative  data  taken. 
Voltage  across  the  glow  lamps  was 
varied  by  means  of  a  slide  wire,  and 
a  meter  in  series  with  the  neon 
bulb  indicated  the  point  at  which 
breakdown  occurred.  One  neon  bulb 
was  measured  which  broke  down  at 
70  volts  when  kept  in  the  dark,  while 
in  moderate  daylight  this  bulb  would 
begin  to  glow  at  about  62  volts,  while 
if  a  1000  watt  arc  light  were  brought 
within  a  foot  of  the  bulb  the  break¬ 
down  voltage  became  about  56  volts. 

It  was  further  shown  that  if  the 
voltage  across  the  glow  lamp  was 
held  just  below  breakdown,  for  tht* 
maximum  amount  of  light  encountered 
in  a  particular  application,  that  the 
neon  bulbs  all  exhibited  photoelectric- 
properties  equal  to  those  of  a  not- 
too-sensitive  phototube. 

In  general  it  was  necessary  to  use 
an  extra  stage  with  moderate  gain 
to  get  comparable  voltage  amplification 
from  the  associated  amplifier,  as  com¬ 
pared  to  the  amplification  necessar; 
from  a  good  gas  photo-cell. 

The  experiments  show  however  that 
whenever  neon  bulbs  are  used  in  volt¬ 
age  regulators;  in  simple  oscillator- 
of  the  type  first  mentioned,  or  in  many 
other  similar  applications  where  con¬ 
tinuously  uniform  breakdown  voltage 
is  desirable,  that  it  is  necessary  either 
to  keep  the  level  of  illumination  on 
the  glow  lamp  constant,  or  better  to 
coat  the  outside  of  the  glow  lamp 
with  an  opaque  material. 


AMERICAN  LAVA  CORPORATION 


CHATTANOOGA,  TENNESSEE 

BRANCH  OFFICES 

CHICAGO 
NEW  YORK 
PHILADELPHIA 


BOSTON 
ST.  LOUIS 
WASHINGTON 


CLEVELAND 
LOS  ANGELES 
SAN  FRANCISCO 
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Instruments 

(Double  pivolwd  typm) 


Xhe  wide  preference  for  Weston  Model  622 
ultra-sensitive  instruments  for  the  measurement  of  minute  cur¬ 
rents  is  not  alone  for  their  rated  sensitivity  and  accuracy.  It  is  due, 
also,  to  Weston’s  conviction  that  these  factors  must  be  usable . . . 
practical ...  in  service.  »  »  The  scales  of  these  shielded  instru¬ 
ments,  for  example,  are  normally  6.1"  long,  with  large  openings 
for  maximum  illumination  ...  to  insure  quick,  certain  reading . . . 
safeguard  against  reading  errors.  Pointer  response  is  fast ...  to  con¬ 
serve  testing  time.  Double  pivots  eliminate  the  need  for  trouble¬ 
some  leveling . . .  provide  the  ruggedness  and  dependability  which 
is  typically  Weston.  »  »  Other  features  which  increase  that  prefer¬ 
ence  are . . .  convenient  switching  arrangements  on  the  multi-range 
types,  simplicity  of  connections,  quick  replacement  of  couples  in 
the  thermo  types.  Why  not  have  complete  details  on  the  Model  622 
series?  Catalog  gladly  sent  on  request.  Weston  Electrical  Instru¬ 
ment  Corporation,  618  Frelinghuysen  Ave.,  Newark,  New  Jersey. 


Model  622  series  includes  extreme¬ 
ly  sensitive  instruments  for  labora¬ 
tory  use,  as  well  as  instruments  for 
general  testing.  Available  in  single 
or  multi  ranges  as: 


MILLIVOLTMETERS 

1  millivolt  full  scale,  and  up 

MICROAMMETERS 

5  microamperes  full  scale,  and  up 

MILLI  AMMETERS 
AMMETERS 
VOLTMETERS 


IOC  or  Thormo) 

in  ranges  to  meet  general  requirements 


'nsfrufnenfs 
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Phototube  Inspects  Oil  Holes 

A  PHOTOELECTRIC  shackle  bolt  inspection 
machine  has  recently  been  devised  by 
Ralph  Powers.  The  function  of  the 
machine  is  to  inspect  one  shackle  bolt 
I  per  second  to  see  that  the  oil  hole  is 
drilled  through  the  upper  part  of  the 

I 


The  Ward  Leonard  line 
is  complete  including  all 
sizes,  ratings,  terminals 
and  mountings. 


Ward  Leonard  Electric  Company.  32  South  Street.  Mount  Vernon.  N.  Y.  allows  the  light  to  come 

^  out  of  the  right  angle  hole  and  ini- 

Pleasa  sand  me  Resistor  Bu  letin  .  au  l  i  *  u 

pinge  upon  the  phototube.  The  pnoto- 

Name  .  tube  is  mounted  in  the  small  tubular 

housing  directly  below  the  small  upper 
motor  support.  The  phototube  ampli- 

.  fier  on  the  back  of  the  machine, 

City  and  State . . .  through  an  arrangement  of  P'us 
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Light  beam  goes  through  oil  hole 
and  U  reflected  out  of  tide  hole 
to  photo  tube 


and  types.  Write  for  full  informa¬ 
tion.  Ask  for  Resistor  Bulletin  11. 


SOMETHING  NEW 

IN  RESISTORS 


NEW  VITROHM,  the  enamel 
now  used  in  the  manufacture  of  all 
Ward  Leonard  Resistors,  has  a 
crazeless  structure  that  has  been 


bolt  and  meets  with  a  small  oil  hole 
drilled  at  right  angles,  as  shown  in  the 
accompanying  sketch. 

The  operator  sits  on  the  front  side  of 
the  machine  and  drops  the  shackle  bolts 
in  the  chucks  as  the  intermittent  mo¬ 
tion  revolves  the  drum.  At  the  first 
station  the  rod  on  the  piston  movement 
pushes  into  the  oil  hole  and  if  there  arc 
any  chips  or  dirt  present,  it  tends  to 
bring  them  up  at  one  point  to  restrict 
the  light. 

At  the  top,  or  second  station  of  the 
machine,  a  small  motor  revolves  the 
bolt  so  that  a  beam  of  light  is  projected 
from  the  large  upper  light  source 
through  the  small  hole.  The  revolu- 


tested  and  proven  to  more  than 
meet  the  requirements  to  with¬ 
stand  humidity,  moisture,  and 
immersion.  Available  in  all  sizes 


WARD  LEONARD 

ELECTRIC  COMPANY 

Electric  Control  Devices  Since  1892 


Drum  U  loaded  by  operator  and 
U  unloaded  automatically 


i^irror  y  Beam  of  Hqhf  from  light  soori  e 


Adjusting  collets 
on  ball  bearing 
revolved  by 
wheel-  Pi 


Revolving  wheel 


ng  wheel 
'Bber  belt 


Section  of  ku 

indexing  wheel, 

OH  or  «  \  b 

lubrication 
hole  being  »  \ 
inspected 

Bolt  being  inspected 


■Photo  tube 
housma 


'Photo  tube 
cathode 

''Light  baffle 

''OH  or  lubrication 
hole  being  inspected 


sPEBReRmm 


1.  2.  3.  Overloading  cannot  damage  SPEER 
Graphite  Anodes.  They  cannot  warp,  fuse, 
blow  out  or  soften. 

4.  SPEER  Graphite  Anodes  tend  to  absorb 
gases  given  off  by  other  tube  elements — 
help  keep  tubes  gas-free. 


Why  be  Satisfied  with  Less? 


SPEER  Graphite  Anodes  have  all  these  important  properties. 
Why  be  satisfied  with  less?  List  of  tubes  with  SPEER  Graphite 
Anodes  and  Anode  Booklet  No.  70  mailed  on  request. 


SPEER  CARBON  COMPANY 


ST.  MARYS,  PA.  CHICAGO  CLEVELAND  DETROIT  MILWAUKEE  NEW  YORK  PITTSBURGH 
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CONTINENTAL-DIAMOND  FIBRE  CO. 

Newark  —  Delaware 


around  the  drum,  stores  an  impulse 
with  each  inspected  bolt  that  passes. 
If  the  pins  are  not  pushed  in,  the  bolt 
is  clopr^ed  up  and  is  dropped  out  at  a 
bottom  station.  The  large  lower  light 
source  is  for  use  in  conjunction  with 
bolts  that  have  the  oil  hole  drilled 
from  the  bottom  instead  of  from  the 
head.  This  photoelectric  means  of  in¬ 
spection  is  replacing  the  older  methods 
of  inspection  used  in  conjunction  with 
compressed  air,  as  well  as  visual 
methods. 


A  Hiss-Silencer  for 
Coniiiiiinieatinn  Receivers 

The  editors  are  indebted  to  Mr.  Earl 
F.  Whiddon,  radio  supervisor  of  the 
Division  of  Forestry,  State  of  Mas¬ 
sachusetts,  for  information  on  a  hiss 
silencing  circuit  developed  for  use  with 


6F8G 

<one  secf’ori>! 


6F8G 

ire  main  mg 


|i  PI  cT 

t:5 

Relay  2S00n  ’ 

dose  af  8.  S  ma 
open  at  5.5  ma 


DILECTO 


On  thicknesses  1/16"  to  1/8"  inclusiye  Dilecto 
XPLW  has  the  remarkably  Low  Power  Factor  of  .024  to 
.026  measured  at  10°  cycles  per  second — and  it  does  not 
increase  more  than  10%  after  48  hours'  inunersion  in 
water  at  68°  F.  Dielectric  Strength,  volts  per  mil,  tests 
450/650.  Dielectric  Constant,  measured  at  10°  cycles 
per  second  is  5.0 /5.5  This  laminated  plastic  also  pos¬ 
sesses  high  mechanical  strength,  is  half  the  weight  of 
aluminum  and  machines  like  brass.  It  is  chemically 
inert,  insoluble  and  infusible.  Add  to  these  qualities  a 
beautiful  appearance  and  you  have  some  idea  of  how 
DILECTO  will  fit  into  your  plans  for  product  development 
....  Your  request  for  further  information  will  receive 
a  prompt  and  intelligent  answer. 


*175  V.  to  *250e. 


Circuit  diagram  of  hisi-ailencer 


the  communication  receivers  operated 
by  the  Forestry  Division.  In  order  to 
insure  reliable  communication  with  the 
various  fire  towers,  it  is  essential  that 
a  super-regenerative  first  detector  be 
used.  The  use  of  the  super-regenerative 
detector  entails  an  annoying  hiss  in  the 
absence  of  the  carrier  signal. 

Since  the  receivers  are  on  for  long 
periods,  this  noise  becomes  a  distinct 
annoyance  to  the  operating  personnel. 
Accordingly  a  simple  hiss-suppressing 
circuit  was  devised  to  silence  the  loud 
speaker  in  the  absence  of  the  carrier 
signal. 

The  circuit  is  shown  in  the  accom¬ 
panying  figure.  It  consists  of  a  simple 
3-to-l  audio  transformer  coupled  to  the 
voice  coil  of  the  receiver  and  feeding 
the  grid  circuit  of  one  section  of  the 
6F8G  double  triode.  In  the  cathode  cir¬ 
cuit  of  this  section  is  a  2,500  ohm 
relay  so  adjusted  that  the  relay  re¬ 
mains  open  (contacts  closed  by  spring 
pressure)  so  long  as  the  hiss  is  absent 
(when  the  carrier  is  on).  The  pres¬ 
ence  of  the  hiss  causes  a  sufficient  in¬ 
crease  in  the  plate  current  to  close  the 
relay.  As  the  relay  closes  it  opens  the 
contacts  in  the  grid  circuit  of  the  re¬ 
maining  6F8G  section  (at  the  right  of 
the  diagram).  This  allows  the  grid  of 
this  section  to  assume  cathode  poten- 


September  J 939  —  ELECTRONICS 


Western  Electric 


NEW  REPRODUCING 
GROUP 


Contains  reproducer  and  arm^wilb 
diamond  st\lus  of  prarticallr  un« 
limited  life « equalizing  equipment, 
switch,  and  necessary  accessories. 


plays  both  VERTICAL  and 
LATERAL  recordings! 


Hen* *8  what  yoirvo  wanted!  A  single  piek- 
tip  that  ean  handle  any  reeording,  vertieal 
«»r  lateral— that  meets  the  most  exaeting  re¬ 
quirements  of  transcription  hroadeasting. 
It  repro<luees  faithfully  the  full  quality  of 
the  recording— has  a  diamond  stylus  giving 
long  record  life— costs  eonsiderahly  less 
than  the  two  piek-iips  you'd  ordinarily 
iummI  to  do  its  work. 

\^ilh  Vicstern  Electric's  new  Reproduc¬ 
ing  Group  you  ean  e(]uip  your  present 
tables  with  equalized  piek-up  facilities 
iiiatehing  the  recording  characteristics  of 
the  regularly  available  discs,  A  single  con¬ 


trol  (selector  switch  illustrated)  matches 
the  pick-up  circuit  to  the  record  and  pro¬ 
vides  two  “vertical"  characteristics  (one 
flat  response  to  10,000  cycles- one  drooped 
ahove8500cyeles)  and  five“laterar’charae- 
teristics  (ranging  from  “straight  through" 
to  “sound  effects”).  Designed  to  work  into 
your  regular  input  circuits  for  broadcast 
microphones,  it  will  match  impedances  of 
30,  250,  500  or  600  ohms. 

Get  full  details  of  this  latest  aid  to  Better 
Broadcasting— by  Bell  Telephone  Labora¬ 
tories  and  Western  Electric.  Ask  Graybar 
for  Bulletins  T1630  and  T1631. 


^  Vwirrn  Electric  1300A— built 
uruuoci  the  2>iii«l  Reproducing 
Group.  Two-^pcetl  fluttcrlcM  turn* 
table  plays  vertical  or  lateral  re* 
cordings  up  to  16**  in  diameter* 
Operates  on  110*120  rolts,  60 
cycle  AC.  Speech  change  entirely 
electrical.  Not  necessary  to  stop 
the  table  to  change  speed  from  7H 
to  33^  and  vice  versa. 


ASK  YOUR  ENGINEER! 


Graybar  Electric  Co.,  Graybar  Building,  New  York. 
Canada  a$id  Netrfoundland:  Northern  Electric  Co., 
in  other  countries  s  International  Standard  Electric  Ci 
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•  Design  Engineers,  Laboratory  and  Production  Men  long 

•  have  found  a  plus  value  in  the  sound  design  and  construc- 

•  tion  of  Ohmite  units  which  gives  complete  assurance  of  con- 

>  tinuous,  trouble-free  performance  in  the  most  exacting 

applications. 

^  OHMITE  RHEOSTATS  are  unequalled  for  permanently 

^  smooth,  gradual,  close  control.  All-porcelain  vitreous  enamel 
construction — nothing  to  smoke,  char,  shrink  or  shift.  Avail¬ 
able  in  sizes  from  25  to  1000  watts  in  many  resistance  values. 
OHMITE  RESISTORS  are  accurately  wire-wound  and  per¬ 
manently  protected  by  Ohmite  Vitreous  Enamel.  Available 
in  Fixed  or  Adjustable — Regular  or  Non-Inductive — Gen¬ 
eral-Purpose  or  Precision  Types.  OHMITE  NEW  TAP 
SWITCHES  bring  new  efficiency  to  high  current  circuit 
switching.  All-enclosed  ceramic  construction,  with  silver- 
to-silver  contacts  and  "slow-break,”  quick-make  action. 
Available  in  four  sizes  from  10  to  75  amperes. 

In  the  extensive  range  of  Ohmite  stock  types,  sizes  and 
ratings,  you  can  often  find  the  quick,  economical  solution 
you  seek — or  let  Ohmite  Engineers,  with  their  wide  expe¬ 
rience,  coc^rate  with  you  in  designing  the  best  unit  h>r 
your  specific  application.  For  Better  Control — put  your 
problem  up  to  Ohmite. 

Writ*  today  for  your  copy  of  Ohmito  Catalog  17. 


OHMITE  MANUFACTURIN6  COMPANY 
4818  Flovraoy  Street  if  Ckicege,  lllieeis,  U.S.A. 


At  tho  oxhibil  of  Wottinghouao  Elec¬ 
tric  and  Manufacturing  Co.  at  the 
Now  York  World's  Fair  spectators 
may  see  electricity  produced  di¬ 
rectly  from  heat  through  the  use 
of  190  thermocouples  of  chromel  and 
alumel.  Burning  gas  produces  heat 
which  the  thermocouples  convert 
into  current  which  ruiu  the  motor 
to  drive  a  small  electric  fan 


tial  after  a  delay  determined  by  the 
size  of  the  Ct  Rt  combination  between 
grid  and  cathode.  As  the  plate  cur¬ 
rent  of  this  section  rises  the  second 
relay  pulls  up  and  opens  the  loud¬ 
speaker  circuit  of  the  receiver. 

When  the  hiss  disappears  (when  the 
carrier  comes  on  or  for  any  other  rea¬ 
son)  the  plate  current  in  the  left-hand 
6F8G  section  reduces  below  the  drop¬ 
out  value  of  the  relay  and  this  closes 
the  grid  circuit  of  the  right-hand  sec¬ 
tion  bringing  the  grid  to  ground  poten¬ 
tial.  The  plate  current  of  the  right- 
hand  section  immediately  reduces  to 
the  drop-out  value  of  its  relay  and  the 
loudspeaker  circuit  is  restored  by  tho 
spring  action  of  the  relay  armature. 
The  circuit  is  thus  arranged  to  allow  a 
delay  in  removing  the  loudspeaker  but 
no  delay  in  returning  it  to  the  circuit. 
The  delay  introduced  by  the  R,  Ct  com¬ 
bination  in  the  right-hand  triode  sec¬ 
tion  is  sufficient  to  prevent  disconnec¬ 
tion  of  the  loudspeaker  during  modula¬ 
tion  peaks. 

The  circuit  employs  simple  com¬ 
ponents  (one  double  triode  tube  two 
relays,  four  resistors,  four  capacitors 
and  an  audio  transformer),  hence  its 
expense  is  small.  Furthermore,  the  de¬ 
vice  occupies  a  very  small  space,  and 
can  readily  be  mounted  in  a  4x5x3 
box,  and  also  can  be  mounted  inside 
the  receiver  case,  and  supplied  with 
power  from  the  receiver  circuits.  The 
unit  has  been  tried  on  several  forestry 
installations  and  has  given  complete 
satisfaction. 


ELECTRICITY  FROM 
HEAT 


©HMIITE 
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I 
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F  ORMICA  produces  phenolic  laminated  parts  tor  insulating  elec¬ 
trical  devices  of  all  kinds  that  are  uniform,  adapted  to  many  par¬ 
ticular  requirements,  accurately  fabricated  and  promptly  shipped. 
For  that  reason  many  leading  electrical  manufacturing  organizations 
have  used  them  over  periods  of  many  years,  some  as  long  as  25 
years. 


iNSuinnNG 

PORTS 
OF  QUOLI 
AND 

UNIFORMITY 


There  is  a  grade  to  suit  your  requirements.  Send  us  your  blueprints 
for  quotation  the  next  time  you  are  in  the  market  for  phenolic  insu¬ 
lating  sheet. 


THE  FORMICA  INSULATION  COMPANY 

SPRING  GROVE  AVE.,  CINCINNATI,  OHIO 
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THE  ELECTRON  ART 

Each  month  the  world’s  technical  litera¬ 
ture  is  scanned  to  see  what  physicists  and 
engineers  are  doing  with  tubes,  for 
presentation  to  Electronics’  readers 


Television  Symposia 

The  July  issues  of  both  the  Journal 
of  the  Society  of  Motion  Picture  En¬ 
gineers  and  the  Journal  of  Applied 
Physics  are  devoted  almost  exclusively 
to  a  discussion  of  the  problems  con¬ 
fronting  the  television  industry.  In 
both  journals,  each  of  the  articles  is 
prepared  by  a  person  well  versed  in  the 
particular  phase  upon  which  he  writes. 
It  is,  of  course,  impossible  to  give 
very  detailed  abstracts  of  the  various 
articles,  although  a  group  of  more  than 
a  dozen  papers  provides  such  a  con¬ 
venient  reference  material  that  there 
appears  to  be  some  advantage  in  com¬ 
piling  all  of  this  data  in  one  place. 

The  list  of  articles  in  the  Journal 
of  Applied  Physics  include:  “Probable 
Influences  of  Television  on  Society,”  by 
David  Samoff,  “Survey  of  Television 
Pick-Up  Devices,”  by  Knox  Mcllwain, 
“High  Deflnition  Television,”  by  Pierre 
Mertz,  “Problems  of  Television  Trans¬ 
mission,”  by  Peter  C.  Goldmark,  “Tele¬ 
vision  Receiving  and  Reproducing  Sys¬ 
tems,”  by  E.  W.  Engstrom  and  two 
related  articles,  “Electron  Optics,”  by 
E.  G.  Ramberg  and  G.  O.  Morton,  and, 
“Luminescent  Materials,”  by  Humboldt 
W.  Leverenz  and  Frederick  Seitz. 

The  article  by  Mr.  Mcllwain  de¬ 
scribes  and  compares  the  various  tele¬ 
vision  pick-up  devices  in  use  at  the 
present  time  or  recently  developed. 
The  theory  of  operation  of  the  image 
dissector  and  the  iconoscope  are  out¬ 
lined  and  some  estimates  are  given  as 
to  the  sensitivity  and  resolution  of 
both  of  the  devices.  A  section  of  this 
paper  is  devoted  to  the  useful  or  prac¬ 
tical  range  of  present  commercial  tele¬ 
vision  pick-up  devices  and  a  table  is 
given  showing  the  brightness  of  out¬ 
door  scenes  such  as  might  be  used  in 
a  television  program.  It  is  pointed  out 
that  neither  the  image  dissector  nor 
the  iconoscope  have  been  developed  to 
the  stage  where  it  is  ideal  under  all 
circumstances,  but  each  has  a  deflnite 
field  of  usefulness  as  an  element  in 
satisfactory  high  definition  television 
systems. 

As  a  means  of  evaluating  probable 
future  developments,  Mr.  Mcllwain 
presents  a  section  on  laboratory  devel¬ 
opments  in  which  he  discusses  such 
matters  as  the  two-sided  mosaic,  the 
barrier  grid  mosaic,  the  conductive 
mosaic  and  image  amplifier. 

In  the  article  “High  Definition  Tele¬ 
vision,”  Pierre  Mertz  outlines  in  non- 
mathematical  language  three  funda¬ 


mental  constructions  underlying  the 
analysis  and  synthesis  of  television  im¬ 
ages.  Certain  desirable  and  undesirable 
characteristics  of  the  image  are  also 
enlarged  upon  and  the  system  is  com¬ 
pared  with  the  method  of  half-tone 
reproduction  in  photo  engraving. 

A  distinction  is  made  between  the 
definition  possible  with  the  early  tele¬ 
vision  system  using  from  30  to  50 
scanning  lines  and  modern  systems 
using  more  than  400  lines  in  provid¬ 
ing  images  of  high  definition. 

After  a  general  outline  illustrating 
the  various  steps  in  the  process  of 
television  transmission.  Dr.  Goldmark 
discusses  certain  specialized  problems 
in  transmitting  television  signals.  The 
first  of  these  is  concerned  with  the 
transmission  of  the  video  signal 
through  a  cable,  and  it  is  pointed  out 
that  an  equalized  cable  can  be  made 
to  have  substantially  a  flat  frequency 
characteristic  up  to  8  Me. 

There  are  several  types  of  modu¬ 
lation  methods  employed  in  television 
transmitters.  One  method,  most  uni¬ 
versally  adopted,  is  grid  modulation 
of  the  power  amplifier.  Another  method 
which  is  just  in  the  process  of  being 
tried  out,  consists  of  modulating  the 
carrier  at  a  low  level,  at  the  same 


CYCLOTRON  READY 
FOR  TEST 


Dr.  E.  O.  Lawrence,  director  of  the 
radiation  laboratory  at  the  Uni- 
veriity  of  California,  makeg  final 
checks  on  the  225  ton  cyclotron 
designed  for  studying  atomic 
structure 


time  attenuating  the  lower  side  band 
with  suitable  filter.  The  third  method, 
called,  “transmission  line  modulation” 
impresses  modulation  across  the  trans¬ 
mission  line  between  the  power  ampli¬ 
fier  and  the  antenna.  A  block  diagram 
of  a  typical  grid  modulated  television 
transmission  is  given. 

A  considerable  portion  of  the  paper 
is  devoted  to  a  discussion  of  wave 
propagation  problems.  Some  mention  is 
made  of  the  requirements  for  properly 
designed  television  transmitting  an¬ 
tennas,  and  the  propagation  charac¬ 
teristics  of  the  carrier  frequency  are 
discussed.  The  effect  of  delayed  signal, 
resulting  in  multiple  images  is  also 
treated.  Finally,  the  author  treats  the 
problem  of  the  number  of  stations  and 
frequency  assignments  required  to  pro¬ 
vide  adequate  coverage  of  a  given 
geographical  area. 

The  paper  by  E.  W.  Engstrom  gives 
a  general  outline  of  the  method  of 
operation  of  television  receivers  and 
the  electro-optical  reproducing  system 
by  which  the  television  image  is  re¬ 
created.  The  frequency  spectrum  re¬ 
quired  for  a  complete  television  sys¬ 
tem  is  outlined  and  current  practices 
are  discussed  as  to  the  type  of  emitted 
video  and  audio  signals.  It  is  shown 
that  a  superheterodyne  circuit  is  well 
suited  for  meeting  the  receiver  re¬ 
quirements  and  that  by  a  proper  ad¬ 
justment  of  the  tuned  circuits  of  this 
receiver,  the  overall  selectivity  of  the 
picture  part  of  the  receiver  may  be 
made  such  as  to  provide  a  flat  overall 
video  response  characteristic.  The  use 
of  automatic  volume  controls  for  both 
the  sound  and  the  video  portions  of 
the  television  signal  are  presented. 

A  section  of  the  paper  is  devoted 
to  the  cathode-ray  tube  television  re¬ 
production  system  in  which  the  image 
of  the  original  scene  is  reconstructed 
on  the  luminous  screen  of  the  cathode 
ray  tube.  The  requirements  of  a  tele¬ 
vision  reproducing  system  are  out¬ 
lined  and  the  similarity  between  tele¬ 
vision  and  oscilloscope  tubes  are 
touched  upon.  Methods  of  deflecting 
the  electron  beam,  as  well  as  of  modu¬ 
lating  its  intensity  are  discussed. 

The  article  on  “Electron  Optics,” 
provides  a  mathematical  discussion  of 
the  literature  on  electron  optics  avail¬ 
able  at  the  present  time.  The  paper 
by  Leverenz  and  Seitz,  on  “Lumin¬ 
escent  Material”  provides  a  general 
survey  of  the  present  state  of  knowl¬ 
edge  of  luminescent  materials  and 
shows  a  large  number  of  curves  giv¬ 
ing  the  relative  energy  as  a  function 
of  wave  lengths  for  a  wide  variety 
of  luminescent  materials  suitable  for 
use  in  the  screen  of  cathode  ray  tubes. 

Articles  on  television  appearing  in 
the  July  issue  of  the  Journal  of  the 
Society  of  Motion  Picture  Engineers 
include:  “Application  of  Motion  Pic¬ 
ture  Film  to  Television,”  by  E.  W. 
Engstrom,  G.  L.  Beers,  and  A.  V.  Bed¬ 
ford;  “A  Continuous  Type  Television 
Film  Scanner,”  by  P.  C.  Goldmark; 
“Television  Studio  Technic,”  by  A.  W. 
Protzman;  “Television  Lighting,”  hy 
W.  C.  Eddy;  “An  Introduction  to  Tele- 
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n  SIMPIE,  EFFECTIVE  ANTIDOTE 
FOR  UNDESIRABIE  FREQUENCY  DRIFT 


CEMMICOK  TYPE  HO.-TEMPERATURE  COEFFICIENT  OF  CAPACITY  X  I0‘ 
_ CW3SO  IS -.000350  M M F./  M  M  F./«C) 


NEW  WIDE  RANGE  IN  SINGLE  UNITS 


In  radio  receivers,  frequency  drift  due  to 
temperature  variations  may  be  caused  by  changes 
in  inter-terminal  capacity  in  coil  forms,  tube  sockets, 
band  change  switches  etc.,  or  by  dimensional 
changes  in  coil  forms  and  condenser  stator  mount¬ 
ings.  There  are  two  ways  to  eliminate  this  drift 
when  it  is  of  a  known  amount.  You  can  use  better 
components— a  step  that  requires  considerable 
engineering  and  increased  costs  in  anywhere 
from  three  to  five  or  more  parts  —  or  you  can 
insert  an  Erie  Ceramicon  in  the  oscillator  circuit 
as  part  or  all-  of  the  capacitive  reactance.  The 
use  of  Erie  Ceramicons  does  not  involve  any 
drastic  change  in  either  design  or  production  set 
up  and  yet  they  will  efficiently  compensate  for 
frequency  drift  due  to  temperature. 

Erie  Ceramicons  are  available  with  any 
definite,  linear  and  reproducable  temperature 
coefficient  between  .00012  per  °C.  and  —.00068 
per  °C.  The  full  range  of  capacities  of  both 
insulated  and  non-insulated  Erie  Ceramicons  is 
shown  in  the  chart  at  the  left. 

Our  engineering  department  will  be  glad  to 
recommend  specific  units  to  fit  your  requirements. 


ERIE  RESISTOR  CORPORATION, 

_  TORONTO.  CANADA  •  L  0  N  0  0  N  ,  E  N  6  L  A  N  D  •  P  A  R I  S,  F  R  A  N  C  E  -  J.  E  .C  A  N  E  T  T  I  CO. 


manufacturers  of  resistors  •  CONDENSERS.*  MOLDED  PLASTICS 
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vision  Production,”  by  H.  R.  Lubckr; 
“Design  Problems  in  Television  Sys¬ 
tems  and  Receivers,”  by  A.  B.  DuMont, 
as  well  as  a  Report  of  the  Television 
Committee. 

The  article  by  Engstrom,  Beers,  and 
Bedford  states  that  motion  picture 
film  will  form  an  important  source  of 
programs  for  television  broadcasting. 
Film  projectors  for  this  use  are  re¬ 
quired  to  meet  a  number  of  conditions 
peculiar  to  television.  Methods  for  pro¬ 
jecting  and  utilizing  motion  picture 
film  are  outlined  by  the  authors,  and 
a  specific  film  projector  and  associated 
television  channel  are  described  in 
some  detail. 

In  establishing  a  technique  for  pro¬ 
ducing  films  moat  suitable  for  tele¬ 
vision,  equipment  is  needed  to  inter¬ 
pret  the  final  results.  Apparatus  that 
will  be  used  by  broadcasting  stations 
is  described.  A  simpler  system  has 
been  designed  that  may  be  useful  for 
the  specialized  service  of  gauging  the 
merit  of  films  for  television.  A  descrip¬ 
tion  of  this  system  as  well  as  an  out¬ 
line  of  its  operation  is  given.  The 
authors  include  some  observations  on 
the  characteristics  of  films  that  have 
given  good  results  in  experimental  and 
field  tests  for  television  transmission. 

The  article  by  Dr.  Goldmark  de¬ 
scribes  a  motion  picture  film  scanner, 
the  first  of  the  continuous  type  to  be 
used  for  television  transmissions.  The 
apparatus  described  has  been  in  use 
since  the  middle  of  1937,  and  in  its 
preferred  form,  the  scanner  projects 
the  image  of  a  continuously  moving 
film  onto  the  cathode  of  a  dissector 
tube.  Five  images,  representing  dif¬ 
ferent  portions  of  the  film  in  the  gate, 
produced  by  five  stationary  lenses,  are 


ipt^^har  Hraiui  Type  B  He»i*iar 
with  metallizeii  ends,  one  end 
mtdti»pointed.  Segatii'e  I'oluxfte 
chisracterutic.  In  the  meter  pro- 
tertor,  three  of  these  resistdtrs 
are  litcated  below  a  non-arcin^ 
metal  plate. 


SPORTS  MATCH 
TELEVISED 


Globar  solves  resistor  problem  on  new 
M  &  W  Watt-Hour  Meter  Protector 

Globar  Brand  Ceramic  Resistors  are 
an  important  part  of  the  new  watt- 
hour  meter  protector  recently  intro¬ 
duced  hy  The  M  &  W  Electric 
Manufacturing  Co.,  Inc.  Working 
with  the  designers  of  this  device. 


many  exacting  reiiiiirements  neces¬ 
sary  for  efficient.  (Icpendahle  opera¬ 
tion.  As  the  result  of  this  coopera¬ 
tion,  the  manufacturer  soon  found 
his  resistor  problem  was  no  problem 
at  all!  Perhaps  you,  too,  I'an  henefit 
from  the  same  helpful  Glohar  serv¬ 
ice.  Let  us  know  about  your  problem. 


ARBORUNDUM  COMPANY,  NIAGARA  FALLS,  N.  Y, 

(tfO.  U«  S.  ^AT.  Org,  • 

S«l«  Office*  and  Warehouie*  in  New  York,  Chicago.  PhiladelphU.  DetFoit.  Cleveland.  Boaton, 

Pituburgh.  Cincinnati,  Grand  Rapid* 

(Carborundum  and  Globar  are  regialered  trade-mark*  of  The  Carborundum  Company) 


Philip  Dort*.  tolsTUion  producer, 
watching  r*h*arsal  oi  a  iportt 
match  at  Wambly  Stadium,  bom 
mobil*  t«l«Tition  von 
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Behind  the  scenes 
at  CINAUDAGRAPH 


.  .  .  are  men  and  machines  to 
handle  each  step  in  the  inanufac- 
ture  of  these  high  quality  speak-  i 
ers.  From  the  polyfibrous  i 
cones  wrought  in  the  com-  m 
pany's  own  pulp  mill  to  heat  m 
treating  and  grinding  of  m 
the  magnets,  it’s  part  of  V  ^ 
Cinaiidagraph’s  job.  All  m 
coils  and  transformers  m 
used  on  Cinaiidagraph  ■ 
speakers  are  wound  here  ■  ] 

ill  the  plant.  Every  com-  m  | 
ponent  part,  in  fact,  |  j 

is  engineered  and  as-  ! 

semhled  on  the  premises, 
Ciiiaudagraph  exercises 
complete  and  rigid  con- 
trol  every  step  of  the  way.  a 
This  supervision  is  your  ■  ^ 
assurance  of  a  more  de- 
pendahle  speaker.  ^ 

Whatever 


your  require-  ■ 
iiients,  Ciiiaudagraph  has  a  1 
speaker  unit  to  fill  the  need  \ 
or  can  design  one  exactly  to 
specification.  Ciiiaudagraph 
engineers  invite  you  to  consult 
with  them. 
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Students  of  the  Unieersity  of  London 
operating  cothode  ray  otcilloecope 
in  the  high  Toltage  laboratory 
where  "artificial  lightning"  it  gen¬ 
erated.  The  high  Toltaget  ore  used 
for  research  proiects  as  well  as  for 
making  tests  on  equipment  for  Tori- 
out  manufacturers 
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superimposed,  one  on  top  of  the  other, 
while  a  rotating  shutter  with  concen¬ 
tric  slots  permits  only  one  lens  at  a 
time  to  produce  an  image.  The  scan¬ 
ning  is  accomplished  partly  by  the 
uniform  motion  of  the  film,  and  partly 
by  the  magnetic  scanning  of  the  elec¬ 
tron  image  in  the  opposite  direction. 
The  pictures  thus  obtained  are  com¬ 
pletely  free  from  shading,  cover  a 
great  range  of  contrast,  are  free  from 
flicker,  and  are  steady.  The  construc¬ 
tion  of  the  scanner  is  simple  and  inex¬ 
pensive. 

In  “Television  Studio  Technic”  by 
Albert  W.  Protzman,  the  studio  oper¬ 
ating  technique  as  practiced  in  the 
NBC  television  studios  today  is  dis- 
;  cussed  and  comparisons  are  made, 
where  possible,  to  motion  picture  tech- 
:  nique.  Preliminary  investigations  con¬ 
ducted  to  derive  a  television  operating 
I  technique  revealed  that  both  the  thea- 
I  tre  and  the  motion  picture  could  con- 
I  tribute  certain  practices. 

The  problems  of  lighting,  scenic  de- 
I  sign,  background  projection,  and  make- 
I  up  are  discussed  with  special  emphasis 
I  on  the  difficulties  and  differences  that 
'  make  television  studio  practice  unique. 

I  An  explanation  is  given  of  the  func¬ 
tioning  of  a  special  circuit  used  in 
;  television  sound  pick-up  to  aid  in  the 
I  creation  of  the  illusion  of  close-up  and 
I  long-shot  sound  perspective  without 
I  impracticable  amount  of  microphone 
I  movement.  The  paper  concludes  with 
:  a  typical  television  production  routine 
j  showing  the  coordination  and  timing 
of  personnel  and  equipment  required 
in  producing  a  television  program. 

The  current  television  technical  fa¬ 
cilities  of  the  Don  Lee  Broadcasting 
System  in  Los  Angeles  are  briefly  de¬ 
scribed  by  Harry  R.  Lubcke  in  an 
article,  “An  Introduction  to  Television 
Production.”  A  mosaic  type  camera 
'  and  accompanying  control  equipment 


LONDON  HIGH  VOLTAGE 
LABORATORY 


GOAT  RADIO  TUBE  PARTS,  Inc. 


(A  DIVISION  OF  THE  FRED  GOAT  CO.,  EST.  1893) 

314  DEAN  STREET.  BROOKLYN.  N.  Y. 


GOAT'S  HISTORY  OF  SIGNIFICANT  EVENTS-6 


/98  . . . 

The  populace  of  this  country 
was  stunned  by  the  sinking 
of  the  Battleship  Maine, 
which  helped  precipitate  the 
Spanish  American  War.  The 
Fred  Goat  Company,  now 
5  years  old,  was  called  upon 
to  supply  precision  machine 
tools. 


For  50  years,  we  hove  specialised  in  the  manufacture 
and  application  of  these  devices.  May  we  apply  our 
experience  to  your  problems?  American  Automatic  Electric 
Sales  Co..  1033  W.  Von  Buren  St..  Chicogo. 


MAKERS  OF  TELEPHONE  AND  SIGNALING  APPARATT8 
ELECTRICAL  ENGINEERS.  DESIGNERS  A  CONSULTANTS 


TODAY  .  .  . 


in  1939,  the  United  States  is  a  more 
powerful  influence  in  world  affairs 
than  at  any  other  time  in  its  his¬ 
tory.  The  use  of  Goat  Radio  Tube 
Shields  has  grown,  too,  so  that 
today  they  are  the  most  widely  used 
radio  tube  shield  in  the  world. 


The  heart  of  the  280  tube^) 

WILBUR  B.  DRIVER  CO. 

NEWARK,  NEW  JERSEY 


are  used.  A  coaxial  cable  conveys  the 
sip^nal  from  the  camera  to  the  tele¬ 
vision  transmitter,  operating  on  45 
and  49.75  Me. 

The  routine  of  production  of  a  dra¬ 
matic  comedy  serial  entitled  “Vine 
Street,”  is  utilized  as  an  example  for 
illustrating  the  method  used  in  pro¬ 
ducing  a  television  program.  A  total 
time  of  20  hours  of  one  or  more  mem¬ 
bers  of  the  dramatic  unit  is  required 
to  prepare  and  present  one  fifteen- 
minute  episode. 

The  sequence  of  production  is  as 
follows:  preparation  of  strips;  con¬ 
struction  or  modification  of  props  and 
scenery;  cast  memorization  of  lines; 
cast  rehearsals;  camera,  sound,  sound- 
effects,  light  rehearsal  with  production 
staff;  make-up;  the  performance  it- 
•self,  including  visual-aural  introduc¬ 
tion  of  the  act;  the  performance  proper 
with  overall  supervision  of  lighting, 
microphone,  and  television  adjustments 
by  a  television-producer  at  a  distant 
receiver;  closing  announcement;  writ¬ 
ten  and  verbal  report  of  errors  or 
advances  in  technique  made  during  the 
performance. 

Specifications  for  the  physical  in¬ 
strumentalities  and  the  current  tele¬ 
vision  technique  are  covered  for  each 
of  the  above  factors  of  production. 

A  discussion  is  presented  by  Allen 
B.  DuMont  of  the  present-day  tele¬ 
vision  standards  as  adopted  by  the 
Radio  Manufacturers  .Association, 
stressing  their  importance  in  relation 
to  the  design  and  production  of  tele¬ 
vision  receiving  equipment.  This  ma¬ 
terial  is  presented  in  Mr.  DuMont’s 
paper  “Design  Problems  in  Television 
Systems  and  Receivers.” 

Emphasis  is  placed  upon  the  limita¬ 
tions  of  the  standards  and  the  possi¬ 
bility  of  their  obsolescence  in  the  fu¬ 
ture.  It  is  claimed  that  the  lack  of 
flexibility  embodied  therein  is  very 
likely  to  cause  serious  difficulties  for 
the  industry  in  the  future,  for  the 
transmission  of  a  video  signal  is  a 
much  more  complex  problem  than  the 
transmission  of  an  audio  signal  as  in 
modern  radio  broadcasting  where 
standards  were  relatively  unimportant. 

As  an  aid  to  circumventing  many 
of  the  limitations  of  the  present  tenta¬ 
tive  standards,  a  new  system  of  tele¬ 
vision  transmission  standards  is  pro¬ 
posed  which  will  greatly  simplify  the 
considerations  involved  in  the  design 
of  television  receivers. 


9  •  THE  NEXT  MONEY-MAKER 
FOR  BROADCASTERS"© 


•  Invastigdt*  th«  potential  aarning  power  of 
Finch  Faciimile  —  the  lystem  that  prmti 
news  of  the  world  in  the  home — while  it 
happens! 

•  New  equipment  now  available  reproduces 
2,  4  or  S-column  newspaper  format  at 
speeds  up  to  20  square  inches  per  minute. 
Press  matter,  drawings,  photos  and  com¬ 
plete  advertisements  are  reproduced  full- 
siie  in  fine  detail. 


v.orona  discharges  in  and 
around  high  voUage  ap¬ 
paratus  are  objection¬ 
able  for  many  reasons, 
chief  among  which  are 
radio  interference  and 
insulation  breakdown. 

The  use  of  "d  ag”  colloi¬ 
dal  graphite  can  mark¬ 
edly  limit  these  effects. 
Th  is  material  forms  ten¬ 
acious  and  homogeneous 
films  whose  conductivity 
depends  on  the  readily 
varied  content  of  pure  e- 
lectric-furnace  graphite. 

A  grounded  coating  of 
this  material  can,  for  ex¬ 
ample,  be  applied  to  the 
outside  of  the  windings 
of  high  voltage  appara¬ 
tus  to  maintain  uniform 
ground  potentials  and 
limit  destructive  leakage 
discharge  currents. 

A  note  describing 


•  Finch  Facsimil*  can  ba  usad  with  radio, 
landlinas  and  suifatsla  cabit  circuits  with 
aqual  facility.  Oparatas  from  any  sourca 
of  powar  and  is  complataly  salf-synchronis- 
ing  undar  all  sarvica  conditions. 


Radio  anginaars  and  aiacutivas  ara  in- 
vitad  to  inspact  Finch  Facsimila  Sta¬ 
tion  W2XBF  in  oparation  daily  at 
1819  Broadway. 


CIRCLE  6-BOSO 


your 

problems  will  bring  tech¬ 
nical  advice.  Ask  for 
Bulletin  No.  270. 


Beam  TelrtMle  for  Illtra-Hi^h 
Frequency 

The  design  of  a  vacuum  tube  capable 
of  delivering  10  watts  useful  power 
output  at  frequencies  of  the  order  of 
250  megacycles  and  with  a  d-c  plate 
voltage  of  400  volts,  and  with  economy 
of  space  and  cathode  power  is  dis¬ 
cussed  by  A.  K.  White  in  the  July 
issue  of  the  RCA  Review  under  the 
title,  “A  Push-Pull  Ultra  High  Fre¬ 
quency  Beam  Tetrode.”  In  order  to 
keep  the  physical  dimensions  of  the 
tube  small  and  make  it  adaptable  to 


The  abat  e  should  not  be 
considered  as  recommetul- 
ing  the  use  of  colloidal 
graphite  m  t  iolution  of  any 
valid  patents  which  may 
exist. 


Photographs  courtesy  QE 


PORT  HURON 
MICHIGAN 
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straightforward  circuit  arrangements, 
the  tube  was  designed  as  a  push-pull 
beam  tetrode.  Unusual  constructional 
features  include  the  use  of  short,  heavy 
leads  sealed  directly  into  the  molded 
glass  bulb. 

Characteristics  of  the  tube  are  given. 
Tests  show  that  the  tube  will  operate 
as  a  stable  class  B  amplifier  at  fre¬ 
quencies  up  to  250  megacycles.  At  that 
frequency  a  power  output  of  the  order 
of  13  watts  with  an  efficiency  of  45  per 
cent  has  been  obtained.  Satisfactory 
operation  as  a  frequency  multiplier  is 
possible  in  the  same  frequency  range. 
Oscillator  operation  has  been  obtained 
at  considerably  higher  frequencies. 
The  variation  of  output  and  efficiency 
with  frequencies  is  shown  in  the  article. 


WDvinq  Oibhedion  fikk-lAp 
Type  RA-278  ■■EnH 


The  RA-278  Vibration  Velocity  Pick- 
Up  is  of  special  interest  to  the  aircraft 
and  automotive  industries.  It  also  has 
application  to  engineering  and  produc¬ 
tion  testiitg  problems  in  many  other 
industries. 

Being  an  inertia  type  pick-up  operat¬ 
ing  on  the  moving  coil  principle,  the 
RA-278  has  the  stability  characteristic 
of  Western  Electric  microphones  in 
acoustic  testing  work.  In  addition,  it 
gives  you  flexibility  of  application  here¬ 
tofore  unknown  in  vibration  testing. 

1.  Calibration  stability — Independent  of 
temperature,  humidity  or  other  condi¬ 
tions  surrounding  test. 

2.  Wide  frequency  range— Measurements 
of  vibration  down  to  5  c.  p.  s.  or  below, 
possible  in  conjunction  with  suitable 
instruments. 

3.  Sensitivity — Far  in  excess  of  any  re¬ 


quirements  encountered  in  automotive 
or  aircraft  work. 

4.  Light  weight — Total  weight  less  than 
four  ounces,  minimizing  damping  effect 
on  surface  under  test. 

5.  Convenience — Can  be  used  in  any  posi¬ 
tion,  with  or  without  probe. 

6.  Ruggedness — Being  entirely  enclosed, 
there  is  nothing  to  be  broken  or  dam¬ 
aged — cannot  be  injured  by  excessive 
amplitude. 

Write  for  detailed  bulletin. 


Regulating  D-C  Generators 

In  designing  electronic  equipment  for 
the  regulation  of  d-c  generators,  it  is 
essential  to  know  the  effect  on  the 
regulated  current  or  voltage  of  all 
possible  variables  in  the  regulating 
equipment,  as  well  as  those  in  the 
generator  proper.  A  paper,  “Concern¬ 
ing  Thermionic  Regulation  of  Direct 
Current  Generators,”  by  W.  C.  Dan- 
forth  in  the  July  issue  of  the  Review 
of  Scientific  Instruments,  presents  a 
method  of  treatment  which  enables  one 
to  appraise  quantitatively  the  import¬ 
ance  of  any  source  of  possible  insta¬ 
bility  in  amplifier  or  generator.  The 
method  is  applied  to  two  types  of  reg¬ 
ulating  equipment,  detailed  informa¬ 
tion  of  which  is  included  for  both 
types. 


Electrical  Research  Products  Inc. 

SUBSIDIARY  OF 
Westtnt  Ekctric  Omparry 
195  BROADWAY,  NEW  YORK,  N.  Y. 


COS.MIC  RAYS  LIGHT 
WORLD’S  FAIR 


'When  PRECISION  Counts 


There  is  one  item  in  your  specifications  you  can 
decide  upon  without  hesitation — T  R  &  S  Rivets. 
T  R  &  S  quality  means  every  rivet,  no  matter 
how  many  thousands  you  need,  is  usable;  rivets 
of  uniform  preciseness,  accurately  gauged  to 
drive  with  smoothness,  to  clinch  with  non-brittle 
efficiency. 

We  have  solved  the  riveting  problems  of  Amer¬ 
ica's  leading  industrial  concerns. 


Many  ^ 
motorized, 
models  a 
available 
in  tingle 
stroke  and 
multiple 
drive 


^Inquirns 
Si  invited 
with 
sampits  of 
work  you 
wish  to  do 


Cosmic  rays  set  in  motion  mecha¬ 
nism  which  lighted  the  Now  York 
World's  Fair.  These  minute  elec¬ 
trical  charges  wore  collected  from 
the  air  by  means  of  the  Geiger 
counter  shown  here  and  being  oper¬ 
ated  by  Dr.  W.  F.  G.  Swann, 
director.  Bartol  Research  Foundation 
of  the  Franklin  Institute 


TUBULAR  RIVET  &  STUD  CO 


World's  Foremost  Producers  of  Rivets 


WOLLASTON 


MASSACHUSETTS 
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I*layba4*k 
A  TranN4*ripiion 
X  K  K  II  L  K  S 


Si4M^I  ruttiii|( 

>  K  K  II  L  K  S 

• 

Sapphire 

I'ullin^i  &  Playba<*k 

X  K  K  11  L  *K  S 

Writ*  lor  I'ompirtr 
nrmrriptlvr  IJtrrmImrr 


II  1:4  Oto\ 

I'orpiiratifin 

1711  St.,  »w  York 


ALLIED  RELAYS: 


7rp*  P.C.l — 2500  Ohm* — loy^r  wouad  coll 
— condaaMr  pap«r  botw»«a  layers — ads- 
quatsly  imprsgaalsd — yoke,  armature  oad 
pole  piece  made  of  Armco  Iron — oser-all 
dimeaiioas  2  5/16"  long,  IVi"  high,  IVb" 
wide —designed  ior  plate  circuit  of  toc- 
uuxn  tub^te 

Type  P.C.2 — Similar  to  abose  except  coils 
OToilable  up  to  5000  ohms. 

Type  P.C.3— 6  rolts  AC;  Type  P.C.4— 110 
▼oils  AC;  Type  P.C.6— 6  Tolts  DC;  Type 
P.C.7-12  Tolts  DC. 

Alto  Type  D  relays  lor  police,  air¬ 
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On  Some  Recent  Tube 
Developmentg 

Hot  cathode  vacuum  and  gaseous  dis-  i 
charge  tubes  have  found  extensive  ap- ! 
plication  for  communication  and  indus¬ 
trial  control  work  during  the  past 
quarter  of  a  century.  However,  it  is 
only  within  the  last  few  years  that 
any  extensive  applications  have  been 
made  of  gas-filled  tubes  having  a  cold 
cathode.  An  interesting  article  sum¬ 
marizing  the  application  of  these  com¬ 
paratively  recently  developed  tubes  is 
given  by  S.  B.  Ingram  in  a  paper, 
“Cold-Cathode-Gas-Filled  Tubes  As 
Circuit  Elements,”  which  appears  in 
the  July  issue  of  Electrical  Engineer¬ 
ing.  Such  cold-cathode  gas-filled  tubes 
are  composed  of  three  elements:  (1)  a 
cathode,  (2)  an  anode,  and  (3)  a  con¬ 
trol  anode.  In  such  a  three-element 
tube,  there  are  two  conduction  paths. 
The  first  is  that  between  the  cathode 
and  the  main  anode  which  is  known 
as  the  main  gap.  The  second  conduc¬ 
tion  path  is  that  between  the  cathode 
and  the  control  anode,  and  is  called 
the  control  gap. 

Such  a  cold  cathode  tube  has  many 
interesting  properties  as  a  circuit  ele¬ 
ment.  Basically  it  may  be  made  to 
perform  three  distinct  circuit  func¬ 
tions:  those  of  a  relay,  rectifier,  and 
voltage  regulator. 

The  inherent  characteristic  of  a  cold 
cathode  gas-filled  tube  may  be  sum¬ 
marized  as  follows :  As  the  voltage 
across  the  two  electrodes  of  a  tube  is 
increased,  no  current  flows  until  a  rela¬ 
tively  high  voltage  is  attained.  At  this 
“break-down  voltage”  the  tube  becomes 
conducting  through  ionization  of  the  gas 
within  it  and  will  consequently  pass  a 
certain  current.  Once  the  tube  is  ion¬ 
ized,  however,  it  is  not  necessary  that 
the  voltage  across  the  tube  be  main¬ 
tained  at  the  break-down  voltage  to 
enable  the  tube  to  conduct.  It  is  quite 
possible  for  the  voltage  to  be  consid¬ 
erably  reduced  below  that  of  the  break¬ 
down  voltage  and  still  have  the  tube 
in  the  ionized  state.  However,  if  the 
voltage  across  the  tube  is  reduced  too 
much,  the  tube  can  no  longer  be  main¬ 
tained  in  this  state  of  ionization  and  it 
becomes  non-conducting.  The  minimum 
voltage  at  which  the  tube  remains  con¬ 
ducting  after  ionization  has  been  initi¬ 
ated,  is  called  the  sustaining  voltage. 


Fig.  1 — Schematic  wiring  diagram  of 
cold  cathode,  gaseoui  discharge 
tube  connected  to  function  as  a  re¬ 
lay.  The  voltage  on  the  anode  is 
adjusted  so  that  a  relatively  small 
variation  of  the  control  anode  volt¬ 
age  causes  ionization 
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The  operation  of  me  cold-cathode 
tube  as  a  relay  may  be  explained  with 
the  assistance  of  Fig.  1.  In  order  that 
no  conduction  will  occur  normally,  it  is 
necessary  that  the  supply  voltage  be 
greater  than  the  sustaining  voltage 
across  the  main  gap,  but  less  than  the 
main  gap  breakdown  voltage.  If  a 
voltage  exceeding  its  break-down  value 
is  applied  to  the  control  gap,  the  result¬ 
ing  ionization  will  initiate  conduction 
in  the  main  gap  and  the  anode  voltage 
will  fall  to  the  main  gap  sustaining 
voltage.  The  tube  therefore  becomes 
conducting  in  the  main  gap  and  the 
current  through  the  tube  and  load  is 
limited  by  the  external  circuit  impe¬ 
dance.  Conduction  will  continue  until 
the  circuit  is  open  or  the  anode  volt¬ 
age  maintained  below  the  main  gap 
sustaining  voltage  for  a  sufficiently 
long  time  for  the  tube  to  deionize.  The 
control  circuit  is  initiated  by  the  voltage 
applied  to  the  control  electrode  which 
is  determined  by  the  steady  bias  volt¬ 
age  as  well  as  the  incoming  signal  volt¬ 
age.  The  cold-cathode  tube  used  as  a 
lelay  thus  becomes  a  very  sensitive 
I  device. 

The  second  circuit  function  which 
can  be  performed  by  means  of  cold 
cathode  tubes  is  that  of  rectification. 
The  cold  cathode  tube  rectifier  depends 
for  its  operation  upon  an  asymmetrical 
property  of  the  glow  discharge  occur¬ 
ring  within  the  tube.  Such  asymmetri- 
;  cal  electrical  characteristics  may  be 
j  obtained  by  building  a  glow  discharge 
I  tube  with  two  electrodes.  One  of  these 


electrodes  is  large  and  coated  with  a 
material  whose  work  function  is  low, 
while  the  other  is  small  and  uncoated. 
The  rectifier  circuit  of  a  three-element 
cold  cathode  tube  is  shown  in  Fig.  2. 


Fig.  2 — Cold  cathode  gatooua  discharge 
tube  connected  in  a  rectifier  circuit,  with 
the  control  anode  and  main  anode  connected 
together  through  R, 

It  will  be  observed  that  this  schematic 
wiring  diagram  is  similar  to  that  which 
would  be  employed  for  a  two-element 
tube,  with  the  exception  that  the  con¬ 
trol  anode  is  connected  to  the  main 
anode  through  the  resistance  R,.  So 
long  as  no  current  flows  in  the  tube, 
both  anodes  are  at  the  same  potential 
but  as  soon  as  ionization  has  been  initi¬ 
ated,  the  control  anode  voltage  is  less 
than  the  main  anode  voltage  by  the 
drop  in  the  resistor  Ru  The  current 
through  the  tube  then  flows  from  the 
cathode  to  the  main  anode. 

The  voltage  regulating  property 
of  the  cold  cathode  tube  is  based 
upon  the  flatness  of  the  current- 
voltage  characteristics  btdween  the 
anode  and  main  cathode.  The  sustain¬ 
ing  voltage  is  practically  independent 
of  the  current  through  the  tube.  For 
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this  reason,  variation  in  the  supply 
voltage  will  be  practically  entirely 
taken  up  in  the  series  resistance,  /?»  in 
the  two  modifications  of  the  voltajre 
refrulating  circuit  shown  in  Fig.  3.  The 
regulator  voltage  will  in  general  vary 
less  than  5  per  cent  from  no  load  to 
full  load  and  variations  from  tube  to 
tube  can  usually  be  held  to  within  ±5 
per  cent  of  the  nominal  value.  In  the 
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Fig.  3 — Wiring  diagrams  oi  th«  cold  cathode 
three  element  gaeeoue  discharge  tube  con¬ 
nected  as  a  voltage  regulator.  In  (a)  the 
control  electrode  is  not  employed,  whereas 
in  (b)  the  relay  principle  has  been  used  to 
reduce  the  starting  voltage 


lower  diagram  of  Fig.  3,  the  relay  prin¬ 
ciple  has  been  used  to  reduce  the  start¬ 
ing  voltage,  exactly  as  it  is  when  the 
tube  is  used  for  rectification. 

The  author  points  out  the  similarity 
of  the  cold  cathode  tube  with  the  igni- 
tron  and  the  thyratron.  The  three 
type.s  of  tubes  are  practically  similar 
although  they  differ  so  widely  in  their 
operating  characteristics  that  in  any 
particular  ca.se,  no  doubt  will  exist  as 
to  which  device  is  the  practical  one  to 
use.  .An  accompanying  table  sum¬ 
marizes  in  a  brief,  though  necessarily 
incomplete  way,  the  comparative  char¬ 
acteristics  of  the  three  classes  of  gas- 
filled  control  tubes. 

The  author  show’s  w’iring  diagrams 
illustrating  circuit  applications  of  cold 
cathode  tulies.  These  schematic  wiring 
diagrams  show  the  use  of  the  tube  in  a 
photoelectric  relay,  a  square  wave  oscil¬ 
lator,  a  timing  device,  relaxation  oscil¬ 
lator  and  as  a  control  circuit  element 
depending  upon  phase  shift.  A 
schematic  diagram  is  also  shown  of 
the  use  of  four  of  these  gas  discharge 
tubes  in  a  four-party  selector  ringing 
circuit.  With  this  application  a  rela¬ 
tively  large  number  of  tulies  has  al¬ 
ready  found  application.  Tw’o  of  the 
Ungers  are  connected  to  one  side  of 
the  line,  and  two  to  the  other.  The 
ground  is  used  to  complete  the  return 
circuit.  By  selective  operation  of  the 
two  ringers  on  one  side  of  the  line  n 
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An  Electronic  Microammeler 

A  TWO-STAGE  direct  coupled  amplifier 
circuit  with  negative  feedback  which 
can  be  used  for  measuring  small  direct 
current  is  described  by  Shepard  Rob¬ 
erts  in  an  article,  “A  Feedback  Micro 
Microammeter”  in  the  June  issue  of  the 
Review  of  Scientific  Instruments.  The 
device  is  used  primarily  for  measuring 
current  of  low  order,  and  has  a  range 
down  to  10'“  amperes  full  scale. 

A  diagram  showing  the  essential  op¬ 
eration  of  the  circuit  is  given  in  Fig.  1. 
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Fig.  1 — Schsmatic  wiring  diagram  oi  two 
tub*.  dir*ct  coupied.  nogatr*  f**dback 
micro- microanun*t*r 

In  this  diagram,  the  adjustable  re¬ 
sistor  Rt,  which  controls  the  bias  on  T„ 
serves  as  a  means  of  balancing  the 
amplifier  so  that  I,  is  0  when  the  input 
voltage  is  0.  When  this  condition  ob¬ 
tains,  the  plate  current  in  T,  is  just 
equal  to  that  in  R^,  and  the  voltage 
drop  across  i?.  equals  the  voltage  of 
battery  B.  After  balancing,  it  is  de¬ 
sired  to  measure  an  unknown  current, 
/„  which  flows  in  the  direction  shown. 
This  current  causes  a  voltage  drop  in 
A,  which  unbalances  the  amplifier,  so 
that  /,  is  no  longer  0. 

The  theoretical  relations  underlying 
the  fundamental  design  of  this  circuit 
are  derived  mathematically  by  the  au¬ 
thor  who  shows  that  an  important  fea¬ 
ture  of  this  amplifier  is  that  the  re¬ 
quired  input  voltage  E„  is  smaller  than 
usual  with  a  similar  circuit.  A  full 
scale  deflection  of  the  meter  is  obtained 
when  El  is  of  the  order  of  4  millivolts. 
The  low  input  voltage  and  low  effective 
resistance  are  an  advantage  when  the 
instrument  is  used  for  measurements 
of  high  resistance,  or  for  measurements 
of  grid  current  in  a  vacuum  tube. 

A  description  is  given  of  a  self-con¬ 
tained,  a-c  operated  unit  capable  of 
operating  a  5  milliampere  recorder. 

Analysis  of  Frequency 
Multiplier 

The  mathematical  and  theoretical 
treatment  of  the  characteristics  of  a 
vacuum  tube  frequency  multiplier 
using  a  triode,  is  given  by  H.  Uchida, 
in  an  article  “Analysis  of  Freciuency 
Multiplier,”  which  appears  in  the  July 
issue  of  the  Electrotechnical  Journal, 
published  by  the  Institute  of  Electrical 
Engineers  of  Japan.  The  discussion 
is  limited  to  the  use  of  a  frequency 
multiplier  as  a  doubler  or  tripler,  and 
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the  action  of  the  frequency  multiplier 
is  explained  by  making  comparisons 
with  that  of  a  class  C  amplifier.  The 
principles  of  design  are  discussed  by 
means  of  an  equivalent  circuit  which 
idealizes  the  characteristic  of  the  class 
C  amplifier. 

Theoretical  study  in  detail  of  the 
various  characteristics  concerning  the 
frequency  multiplier  was  made  by  as¬ 
suming  the  characteristic  curve  of  the 
vacuum  tube  to  be  a  straight  line.  An 
attempt  is  made  to  make  clear  the 
basic  idea  for  the  design  of  a  frequency 
multiplier,  and  an  example  is  given  to 
make  easier  an  understanding  of  the 
theory.  At  present  multi-electrode 
tubes  are  usually  used  for  frequency- 
multiplier  purposes.  However,  this 
paper  is  limited  to  the  use  of  three- 
element  tubes,  but  the  principles  in¬ 
volved  are  common  to  all  classes  of 
vacuum  tubes. 
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Stage  Distortions,”  which  gives  the 
measurements  on  different  types  of 
tubes  used  in  the  output  stage  of  audio 
amplifiers.  According  to  the  author’s 
summary,  after  an  introduction  deal¬ 
ing  with  the  disturbing  effects  of  dis¬ 
tortion  and  the  insulation  used  for  its 
measurements,  details  are  given  of  the 
series  of  measurements  which  are 
carried  out  on  tube  combinations  com¬ 
prising  a  preamplifier  in  conjunction 
with  different  types  of  output  tubes. 
Results  show  that  the  modern  output 
tetrode  is  a  better  safeguard  against 
overload  in  extremely  loud  passages 
than  is  the  triode.  In  the  absence  of 
inverse  feedback,  distortion  is  greater 
in  a  tetrode  than  in  a  triode,  but,  for 
an  output  equal  to  one-third  of  the 
anode  dissipation  (maximum  efficiency 
for  the  output  triode)  distortion  is 
found  to  be  below  the  permissible  value 
of  5  per  cent.  Contrary  to  what  is 
commonly  supposed,  this  larger  distor¬ 
tion  is  not  due  to  a  larger  third  har¬ 
monic,  but  solely  to  additional  second 
harmonies. 

The  great  sensitivity-  of  output 
tetrodes  enables  distortion  to  be  greatly 
improved  by  inverse  feedback  without 
lowering  the  sensitivity  and  power  out¬ 
put  level,  as  would  be  the  case  with 
output  triodes.  Along  with  push-pull 
circuits,  which  have  not  been  dealt 
with  in  this  article,  a  tetrode  output 
tube  is  therefore  appropriate  whenever 
high  standards  of  reproduction  quality 
are  demanded. 

Tetrode  output  tubes  or  beam  power 
show  great  similarity  to  the  pentode, 
but  their  output  at  load  resistances 
above  the  optimum  value  is  adversely 
affected  by  secondary  emission  phe¬ 
nomena  which  are  still  present.  The 
main  drawback,  however,  of  this  type 
of  output  tube  is  that  a  phase  angle  of 
the  load  impedance  has  a  pronounced 
influence  upon  the  output. 
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all  metal  case — sloping  panel — 4''x4''x3V^". 
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Model  325  *3"  Size 

ModeU  325  (DC)  (335 
AC)  tor  laboratory,  shop 
bench,  and  special  pur¬ 
poses.  Tilting  feature 
permits  adiustment  of 
instrument  to  any  angle 
lor  accurate  reading. 


IRItliTO* 


PORTABLE 


Where  it  is  used!  Has  ‘‘high  lag” — 
to  fuse  fractional  H.  P.  motors, 
solenoids,  magnets,  vibrator  circuits, 
portable  tools,  electric  fences,  with 
low  current  applications  having  in¬ 
ductive  or  capacitative  surges,  high 
starting  loads,  continuous  intermittent 
duty,  etc. 

used!  Outlasts  a  regular  fuse 
because  these  services  might  crystal- 
ize  a  regular  fuse  link. 

Get  data!  Write  today  for  informa¬ 
tion  on  this  new  Slo-Blo  Littelfuse — 
how  to  determine  the  one  to  use  from 
new  current  curves — ^how  it  can  save 
you  extra  expense. 


PORTABLE 


Model  525  *5"  Size 

Ha*  mirror  teal*  and 
kniio  odgo  pointor  for 
•xiromo  accuracy  in 
roading. 

Both  modol*  325  and  525 
aro  rogular  indicating 
instrumont*  in  portablo 
stylo*,  includod  in  th* 
Triplott  lino  in  many 
rang**. 
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For  Hi-Gdin  Amplifiers,  Ultra 
Short  Wave  Two-Way  Police 


608  MILWAUKEE  AVE 


An  Electronic  Microammeter 

A  TWO-STAGE  direct  coupled  amplifier 
circuit  with  negative  feedback  which 
can  be  used  for  measuring  small  direct 
current  is  described  by  Shepard  Rob¬ 
erts  in  an  article,  “A  Feedback  Micro 
Microammeter”  in  the  June  issue  of  the 
Review  of  Scientific  Instruments.  The 
device  is  used  primarily  for  measuring 
current  of  low  order,  and  has  a  range 
down  to  10'“  amperes  full  scale. 

A  diagram  showing  the  essential  op¬ 
eration  of  the  circuit  is  given  in  F^ig.  1. 


Fig.  1 — Schematic  wiring  diagram  of  two 
tube,  direct  coupled,  negatve  feedback 
mlcro-microammeter 


In  this  diagram,  the  adjustable  re¬ 
sistor  R„  which  controls  the  bias  on  T,, 
serves  as  a  means  of  balancing  the 
amplifier  so  that  7,  is  0  when  the  input 
voltage  is  0.  When  this  condition  ob¬ 
tains,  the  plate  current  in  T,  is  just 
equal  to  that  in  R„  and  the  voltage 
drop  across  7?j  equals  the  voltage  of 
battery  B.  After  balancing,  it  is  de¬ 
sired  to  measure  an  unknown  current, 
/„  which  flows  in  the  direction  shown. 
This  current  causes  a  voltage  drop  in 
7?,  which  unbalances  the  amplifier,  so 
that  If  is  no  longer  0. 

The  theoretical  relations  underlying 
the  fundamental  design  of  this  circuit 
are  derived  mathematically  by  the  au¬ 
thor  who  shows  that  an  important  fea¬ 
ture  of  this  amplifier  is  that  the  re¬ 
quired  input  voltage  £■„  is  smaller  than 
usual  with  a  similar  circuit.  A  full 
scale  deflection  of  the  meter  is  obtained 
when  £■,  is  of  the  order  of  4  millivolts. 
The  low  input  voltage  and  low  effective 
resistance  are  an  advantage  when  the 
instrument  is  used  for  measurements 
of  high  resistance,  or  for  measurements 
of  grid  current  in  a  vacuum  tube. 

A  description  is  given  of  a  self-con¬ 
tained,  a-c  operated  unit  capable  of 
operating  a  5  milliampere  recorder. 
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Analysis  of  Frequency 
Multiplier 

The  mathematical  and  theoretical 
treatment  of  the  characteristics  of  • 
vacuum  tube  frequency  multiplier 
using  a  triode,  is  given  by  H.  Uchida, 
in  an  article  “Analysis  of  Frequency 
Multiplier,”  which  appears  in  the  July 
issue  of  the  Electrotechnical  Journal, 
published  by  the  Institute  of  Electri^ 
Engineers  of  Japan.  The  discussion 
is  limited  to  the  use  of  a  frequency 
multiplier  as  a  doubler  or  tripler,  and 
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the  action  of  the  frequency  multiplier 
is  explained  by  making  comparisons 
with  that  of  a  class  C  amplifier.  The 
principles  of  design  are  discussed  by 
means  of  an  equivalent  circuit  which 
idealizes  the  characteristic  of  the  class 
C  amplifier. 

Theoretical  study  in  detail  of  the 
various  characteristics  concerning  the 
frequency  multiplier  was  made  by  as¬ 
suming  the  characteristic  curve  of  the 
vacuum  tube  to  be  a  straight  line.  An 
attempt  is  made  to  make  clear  the 
basic  idea  for  the  design  of  a  frequency 
multiplier,  and  an  example  is  given  to 
make  easier  an  understanding  of  the 
theory.  At  present  multi-electrode 
tubes  are  usually  used  for  frequency 
multiplier  purposes.  However,  this 
paper  is  limited  to  the  use  of  three- 
element  tubes,  but  the  principles  in¬ 
volved  are  common  to  all  classes  of 
vacuum  tubes. 


HEADQUARTERS 
FOR  RELAYS 


Thirty  years  of  concentration  in 
the  signalling  and  control  art  by 
The  Autocall  Company  has  won  for 
their  devices  and  systems  a  decided 
preference.  A  broad  line  of  produc¬ 
tion  items  as  well  as  special  units  to 
customer's  specifications  are  avail- 


•  for  dtvtlopmtnt 

•  for  fxpiriniMlotiofi 


JACK  TYPE  REDJ-I 


Contacts  positioned  by  momentary 
electrical  operation  of  coils  and 
mechanically  maintained  by  arma¬ 
ture.  One  of  several  Jack  Type 
Relays  In  the  Autocall  line. 


Distortiontf  in  the  Output 

Stajjfe 

The  August  issue  of  the  Wireless  En¬ 
gineer  contains  an  article  by  A.  J. 
Heins  Van  der  Ven,  entitled  “Output 
Stage  Distortions,”  which  gives  the 
measurements  on  different  types  of 
tubes  used  in  the  output  stage  of  audio 
amplifiers.  According  to  the  author’s 
summary,  after  an  introduction  deal¬ 
ing  with  the  disturbing  effects  of  dis¬ 
tortion  and  the  insulation  used  for  its 
measurements,  details  are  given  of  the 
series  of  measurements  which  are 
carried  out  on  tube  combinations  com¬ 
prising  a  preamplifier  in  conjunction 
with  different  types  of  output  tubes. 
Results  show  that  the  modern  output 
tetrode  is  a  better  safeguard  against 
overload  in  extremely  loud  passages 
than  is  the  triode.  In  the  absence  of 
inverse  feedback,  distortion  is  greater 
in  a  tetrode  than  in  a  triode,  but,  for 
an  output  equal  to  one-third  of  the 
anode  dissipation  (maximum  efficiency 
for  the  output  triode)  distortion  is 
found  to  be  below  the  permissible  value 
of  6  per  cent.  Contrary  to  what  is 
commonly  supposed,  this  larger  distor¬ 
tion  is  not  due  to  a  larger  third  har¬ 
monic,  but  solely  to  additional  second 
harmonics. 

The  great  sensitivity  of  output 
tetrodes  enables  distortion  to  be  greatly 
improved  by  inverse  feedback  without 
lowering  the  sensitivity  and  power  out¬ 
put  level,  as  would  be  the  case  with 
output  triodes.  Along  with  push-pull 
circuits,  which  have  not  been  dealt 
with  in  this  article,  a  tetrode  output 
tube  is  therefore  appropriate  whenever 
high  standards  of  reproduction  quality 
are  demanded. 

Tetrode  output  tubes  or  beam  power 
show  great  similarity  to  the  pentode, 
but  their  output  at  load  resistances 
above  the  optimum  value  is  adversely 
affected  by  secondary  emission  phe¬ 
nomena  which  are  still  present.  The 
main  drawback,  however,  of  this  type 
of  output  tube  is  that  a  phase  angle  of 
the  load  impedance  has  a  pronounced 
influence  upon  the  output. 
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9  The  need  for  portable  instruments  is  a 
broad  one,  especially  in  laboratories,  schools 
and  Industrial  setups.  To  meet  this  demand 
Triplett  has  available  handy  instrument 
stands  ior  any  3"  instrument;  and  also  oilers 
a  complete  line  oi  portables  in  3”  and  5” 
sizes. 

Instrument  stcmds  ore  widely  used  ior 
purposes  requiring  portable  instruments  or 
where  space  does  not  permit  mounting  on 
a  regular  poneL  They  ore  especially  suita¬ 
ble  where  portable  galvanometers  are 
needed.  Mounted  in  this  handy,  all-metal 
stand  any  Triplett  3-inch  round  instrument 
may  be  used  as  a  portable  uniL  Iiutrument 
stands  ore  available  with  two,  three  or 
lour  binding  posts.  Black  wrinkle  ilnished 
all  metal  case — sloping  panel — 4''x4''x3Vi". 
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Model  325  *3"  Size 

ModeU  325  (DC)  (335 
AC)  ior  laboratory,  shop 
Isench,  and  special  pur¬ 
poses.  Tilting  feature 
permits  adiustment  oi 
instrument  to  any  angle 
for  accurate  reading. 


Where  it  is  used!  Has  “high  lag” — 
to  fuse  fractional  H.  P.  motors, 
solenoids,  magnets,  vibrator  circuits, 
portable  tools,  electric  fences,  with 
low  current  applications  having  in¬ 
ductive  or  capacitative  surges,  high 
starting  loads,  continuous  intermittent 
duty,  etc. 

Why  used!  Outlasts  a  regular  fuse 
because  these  services  might  crystal- 
tze  a  regular  fuse  link. 

Get  data.'  Write  today  for  informa¬ 
tion  on  this  new  Slo-Blo  Littelfuse — 
how  to  determine  the  one  to  use  from 
new  current  curves— how  it  can  save 
you  extra  expense. 


Model525«5"3ize 

Has  mirror  seal*  and 
kniio  odgo  pointor  ior 
•xtromo  accuracy  in 
roading. 

BoUi  modols  325  and  525 
aro  rogular  indicating 
instrumonts  in  portabls 
stylos,  included  in  tho 
Triplett  line  in  many 
ranges. 
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THE  INDUSTRY  IN  REVIEW 


A  Five  Hour  Continuous  Tape  Recorder 


tions  may  be  recorded  with  a  minimum 
of  bother  and  with  a  single  unit.  In  the 
more  esthetic  applications,  complete 
symphonies  or  operas  may  be  recorded 
w’ithout  interruption. 


♦T.  E.  Shea  was  elected  vice-president 
of  ERPI  succeeding  H.  G.  Knox  who 
resigned  on  the  advice  of  his  physician. 
Mr.  Shea,  formerly  of  Bell  Labs,  be¬ 
comes  director  of  engineering  and 
will  be  in  charge  of  all  technical 
activities  in  both  New  York  and  Holly¬ 
wood.  .  .  .  W.  G.  H.  Finch  of  Finch 
Labs  has  been  granted  a  license  to 
operate  a  broadcast  station  with  the 
call  letters  W2XWF  on  42.18  Me  at 
100  watts.  .  .  .  P.  Blakiston’s  Son  & 
Co.,  publishers  of  scientific  and  medical 
books,  has  been  purcha.sed  from  the 
estate  of  Kenneth  M.  Blakiston  by 
Horace  G.  White  who  was  the  execu¬ 
tive  vice-president.  .  .  .  Whole.sale 
Radio  Service  Co.,  Inc.  has  changed  its 
name  to  Radio  Wire  Television,  Inc. 
It  is  now’  a  subsidiary  of  the  new 
Radio  Wire  Television  Corp.  of  Amer¬ 
ica.  .  .  .  Messrs.  Jones  and  Orme  of 
the  United  Sound  Engineering  Co.  and 
W'ashington  Foundry  Co.  respectively, 
have  joined  forces  to  form  the  Jones- 
Orme  Co.,  2233  University  Ave.,  St. 
Paul,  Minn.  They  will  manufacture 
intercommunication  systems  and  spe¬ 
cial  laboratory  instruments.  ...  .At 
the  West  Virginia  State  Exhibit  at 
the  New  York  World’s  Fair  is  what  is 
believed  to  be  the  smallest  metal  tube 
ever  produced.  It  is  0.0026  inches  in 
diameter  with  the  hole  about  one-third 
this  size  and  wall  thickness  of  0.0007 
inches.  The  tube  was  drawn  by  the 
Superior  Tube  Co.,  of  nickel  produced 
at  the  Huntington,  W.  Va.  plant  of  the 
International  Nickel  Co.  .  .  .  The  first 
Marconi  Memorial  Scholarship  given 
by  the  Veteran  Wireless  Operator’s 
Association  has  been  awarded  to  Rob¬ 
ert  Barkey,  16,  a  graduate  of  Stuyve- 
sant  High  School,  New  York.  The 
scholarship  provides  two  years’  study 
at  the  RCA  Institutes  of  New  Yt)rk. 
.  .  .  Blaw-Knox  Co.  announces  the  ap¬ 
pointment  of  Lawrence  E.  Joseph  as 
executive  officer  in  charge  of  its  Blaw- 
Knox  Division.  .  .  .  RCA  announces  a 
net  profit  for  the  quarter  ending  June 
30  of  $724,091.11.  ...  It  is  reported 
that  the  NBC  television  signals  from 
the  Empire  State  Building  are  being 
picked  up  regularly  and  clearly  on 
Cape  Cod,  186  miles  air-line  from 


Fig.  1 — The  tope  is  drown  from  the  inside  of  the  reel,  post  the 
recording  or  pickup  unit  and  to  the  outside  of  the  reel.  The 
frequency  range  of  the  unit  is  from  SO  to  S500  cps 


Five  continuous  hours  of  recording  The  recorder  is  loaded  and  the  record 
are  provided  in  a  new  film  recorder  locked  into  place  by  a  simple  mechan- 
by  the  Fonda  Corp.,  70  Pine  St.,  New  ism. 

York.  The  sound  is  recorded  on  a  con-  The  cost  of  the  recording  medium, 
tinous  strip  of  ordinary  amateur  16mm  16mm  amateur  movie  film,  is  consider- 
acetate  film  in  a  spiral  groove  which  ably  less  than  the  conventional  acetate 
runs  from  one  edge  of  the  film  to  the  records  for  the  same  time  of  recording, 
other  providing  24  grooves  across  the  For  conditions  where  good  quality  is 
width.  The  frequency  range  is  from  50  required,  such  as  the  recording  of 
to  5500  cps.  There  are  separate  record-  music,  the  record  is  drawn  across  the 
ing  and  pickup  units.  'The  recording 
needle  is  of  diamond  and  the  pickup 
needle  is  of  sapphire. 

A  feature  of  this  recorder  is  the  very 
low  scratch  level  which  is  accomplished 
by  two  means.  In  the  conventional 
film  recording,  the  needle  displaces  the 
celluloid  in  the  manner  shown  in  Fig. 

2a.  A  ridge  is  built  up  on  either  side 
of  the  groove.  By  the  use  of  a  yieldable 
bed  in  the  Fonda  recorder,  the  film  ma¬ 
terial  is  displaced  in  the  manner  shown 
in  Fig.  2b  which  has  the  effect  of  re¬ 
ducing-  the  scratch  level.  Also,  the  point 
of  the  pickup  needle  is  of  slightly 
greater  radius  than  the  point  of  the 
recording  needle.  Therefore,  the  pickup 
needle  does  not  ride  the  bottom  of  the 
groove,  but  only  the  sides  of  the  groove 
where  the  signal  is  impressed.  In  this 
manner,  the  scratch  in  the  bottom  of 
the  groove  is  not  reproduced.  It  also 
has  the  effect  of  increasing  the  life  of 
the  film  to  a  considerable  degree. 

As  shown  in  the  photograph,  the 
record  consists  of  a  loop  of  film  of  suf¬ 
ficient  length  to  provide  any  time  of 
recording  up  to  five  hours.  It  is 
mounted  in  the  recorder  so  that  it  rides 
on  a  series  of  rollers  which  are  located 
to  form  a  circle.  A  sprocket  wheel 
draws  the  film  across  the  recording  or 
reproducing  head  after  which  the  film 
is  drawn  to  the  outside  of  the  loop. 


Fig.  2 — Cro^s-section  of  tope  show- 
ing  groove  made  with  conventional 
recorder  (a)  and  Fonda  recorder  (b) 


recording  head  at  the  rate  of  48  feet 
per  minute.  For  conditions  where  the 
only  requirement  is  intelligibility  of 
speech,  a  model  is  provided  with  a 
record  speed  of  36  feet  per  minute  or  a 
frequency  range  up  to  approximately 
3600  cps  with  the  corresponding  sav¬ 
ing  in  the  cost  of  the  record. 

The  advantages  of  a  long  period  of 
recording  are  obvious.  In  commercial 
applications,  long  speeches  or  conversa- 
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Outstanding 

Value 


*  The  universal  acceptance  accorded 
DuMont  Typee  175  and  175-A  Cathode- 
Ray  Oecillo^aphs,  has  exceeded  our 
iondest  expectations.  Within  a  lew 
months  we  have  seen  these  instruments 
qo  into  leadinq  educational  and  indus¬ 
trial  laboratories  the  world  over,  where- 
ever  on  exceptionally  convenient  and 
ilexible  oscillograph,  having  a  wide 
operating  range,  is  required  for  many 
diiierent  applications. 

These  low-cost  instruments  incorporate 
many  important  features  heretofore 
found  only  in  larger,  more  expensive 
ond  less  portable  instruments.  Hence 
their  exceptional  popularity. 

We  shali  be  pleased  to  send  descrip¬ 
tive  literature  on  these  and  other 
DuMont  instruments,  upon  request. 
Meanwhile,  submit  your  cathode-ray 
problem. 


AUEN  B.  DU  MONT 
LABORATORIES,  Inc. 

Passaic  o  New  Jersey 

Coble  Address;  Wespexlin,  New  York 


New  York.  .  .  .  The  FCC  has  changed 
I  the  call  letters  of  some  of  the  short 
wave  broadcast  stations  to  remove 
I  them  from  their  experimental  status. 
Columbia’s  W3XAU  is  now  WCAI; 
General  Electric’s  W2XAF  and 
W2XAD  are  now  WGEO  and  WGEA 
respectively  and  \V6XBE  is  now 
KGEI;  and  the  two  Westinghouse  sta¬ 
tions,  W8XK  and  VVIXK  are  now 
WPIT  and  WBOS  respectively.  ...  A 
simple  instrument  for  measuring  the 
i  refractive  index  of  glass  has  been 
I  developed  by  Frank  Benford  of  the 
GE  Research  Labs.  It  is  accurate  lo 
two  decimal  places  and  is  equal  to 
most  laboratory  tasks.  .  .  .  Industrial 
Instruments,  Inc.  is  now  located  in 
considerably  larger  quarters  at  156 
Culver  Ave.,  Jersey  City,  N.  J.  They 
have  organized  a  new  Special  Equip¬ 
ment  Division  to  specialize  in  the 
I  manufacture  of  custom  built  electrical 
j  test  equipment.  .  .  .  The  Head  of  the 
Lakes  Broadcasting  Co.  has  been 
granted  permission  by  the  F'CC  to 
build  an  experimental  1000  watt  f’"<i- 
quency  modulation  transmitter  at  Du¬ 
luth,  Minn,  to  operate  on  26.3 
.  .  .  George  W.  Jernstedt  of  the  Meter 
Division,  Westinghouse  Electric  & 
Mfg.  Co.,  Newark,  N,  J.  has  been 
awarded  the  Benjamin  Garver  Lamme 
Graduate  Scholarship  for  the  year 
1030-40  which  provides  $1500  tuition 
and  expenses  for  advanced  study.  .  .  . 
C.  H.  Thordarson,  founder  and  presi¬ 
dent  of  Thordarson  Electric  Mfg.  Co. 
'  has  been  awarded  the  Cross  of  the 
Icelandic  Falcon  Order  by  the  Danish 
and  Icelandic  governments.  It  is 
given  to  those  of  Icelandic  or  Danish 


BAND  LEADER  BECOMES 
CONTROL  OPERATOR 


Microphonat  attached  to  the  various 
instruments  of  an  orchestra  feed 
individual  ampliers  whose  gain 
may  be  separately  controlled  as 
well  as  the  volume  of  the  ensemble. 
By  this  means,  emphasis  may  be 
given  to  any  portion  of  the  band 
through  the  usual  loud  speaker  or 
public  oddress  system.  The  con¬ 
trols  are  available  to  Buddy  Wag¬ 
ner,  band  leader  who  has  invented 
this  control  board 


sensitive  electronic 

AC  VOLTMETER 

MODIl  300 


•  New  operating  principle. 

•  10-150,000  cycles. 

•  I  millivolt  to  100  volts  in  live 
ranges  (to  1,000  and  10,000 
volts  with  multiplier). 

•  Logarithmic  voltage  scale 
and  uniform  decibel  scale. 

•  A-C  operation,  115  or  230 
volts,  50-60  cycles  (rack 
mounting  and  battery-oper¬ 
ated  models  also  available). 

•  Permanent  calibration,  unaf¬ 
fected  by  variation  in  line 
voltage,  tubes,  etc.  Accuracy 
2%. 

•  Can  also  be  used  as  an  ampli¬ 
fier  (70  DB  gain)  flat  to  100,- 
000  cycles. 


MODEL  505 

ARTIFICIAL  EAR 


For  use  with  Model  300  Voltmeter  for 
measurements  of  the  efficiency  and  fre¬ 
quency  response  characteristics  of  tele¬ 
phone  receivers  and  hearing  aids.  Com¬ 
prises  rubber  enclosed  auricular  cavity 
and  canal,  acoustical  resistance  and  a 
microphone  to  indicate  the  acoustical 
pressure  developed.  Suitable  for  both 
research  and  production  testing. 

Write  /or  Bulletin  6A 

Ballanline  Latoralories,  Inc. 

BOONTON  NEW  JERSEY 


Electronics  —  September  1939 


73 


RCA  Manufacturing  Co.,  Inc.,  Camden,  N.  J. 
A  Service  of  the  Radio  Corporation  of  America 


descent  who  have  contributed  some 
outstanding  achievement  to  the  world. 
.  .  .  The  Capitol  Radio  Engineering 
Institute,  Washington,  D.  C.  has  added 
a  course  of  Practical  Television  En¬ 
gineering  to  the  regular  radio  en¬ 
gineering  course.  .  .  .  The  Erwood 
Sound  Equipment  Co.,  224  W.  Huron 
St.,  Chicago  has  been  formed  by  John 
and  Joe  Erwood  to  specialize  in  the 
manufacture  of  sound  equipment.  .  .  . 
More  than  100  GE  radio  and  television 
engineers  and  research  men  were 
guests  of  the  company  at  a  three  day 
camp  conference  at  Bridgeport,  Conn. 
Business  sessions  were  devoted  to  the 
technical  aspects  of  radio  and  television 
transmitters,  receivers  and  tubes,  to 
current  manufacturing  problems  and 
to  new  developments  of  the  research 
department  .  .  .  The  Board  of  Directors 
of  Union  Carbide  and  Carbon  Corp. 
have  approved  an  agreement  for  the 
acquisition  by  Union  Carbide  of  all  the 
assets  of  Bakelite  Corporation.  Bake- 
lite  stockholders  will  receive  187,500 
shares  of  Carbide  common  stock,  H 
Carbide  shares  going  for  each  Bakelite 
preferred  share  and  the  rest  to  be  di¬ 
vided  among  the  common  stockholders 
.  .  .  RCA  and  Decca  are  issuing 

licenses  to  broadcasters  for  the  use  of 
their  records  .  .  .  John  F.  Rider  is  to 
conduct  a  series  of  radio  service  meet¬ 
ings  in  35  cities  during  the  Fall  months 
under  the  sponsorship  of  RCA. 


PUSH-PULL 

ELECTRONIC 

VOLTMETER- 

OHMMETER 


radio  giaveyoid 

WELL  ...  YES  AND  NO 


It's  true  we  do  carry  quite  a  stock 
of  hard-to-qet  items . . .  radio  ports 
long  out  of  manufacture.  But  that's 
only  one  feature  of  our  talked- 
about  service.  You'll  find  here  also 
a  complete  line  of  1940  receivers, 
for  example,  and  the  parts,  tubes 
and  equipment  to  build  them. 
Graveyard  or  radio  world  of  To¬ 
morrow,  we're  plenty  alive  our¬ 
selves.  Filling  your  order  inside  of 
24  hours  is  our  specialty.  Try  us  out. 
Send  for  brand  new  FREE  1940 
catalog  No.  78.  lust  out! 

Hiidw  Wive  Televition  Ine. 

iomeilY  WHOLESALE  RADIO  SERVICE  CO.,  QIC. 


.05-5000  Volts  DC  in  9  Ranges! 
.01  Ohm-lOOO  Megohms 
in  7  Ranges! 


Literature- 


Oscillographer.  Contains  an  article  en¬ 
titled  Production  Test  of  Ignition  Coils 
with  the  Cathode-ray  Oscillograph. 
Allen  B.  DuMont  Labs.,  2  Main  Ave., 
Passaic,  N.  J. 


PROFESSIONAL 

SERVICES 


HERE’S  a  laboratory  instrument  with 
ranges  so  wide  it  will  not  only 
take  care  of  today’s  engineering  require¬ 
ments — but  tomorrow’s  as  well. 

It’s  the  Rider  VoltOhmyst  and  with 
it  you  can  measure  DC  voltages  in  high 
resistance  photo-cell  circuits,  television 
circuits,  bias  cells,  operating  voltages 
across  tuned  circuits  with  the  signal 
present — with  surprising  speed  and 
accuracy.  This  instrument  covers  the  ac¬ 
tual  operating  voltage.  No  circuit  load¬ 
ing.  Its  input  resistance  of  160,000,000 
ohms  on  all  ranges  between  500  volts 
and  5000  volts  makes  the  Rider  Volt¬ 
Ohmyst  a  universal  instrument  —  one 
that  has  minimized  obsolescence.  Get 
full  details  and  specifications  from  your 
RCA  Test  Equipment  Distributor  —  or 
write  to  the  address  below. 

The  Rider  VoltOhmyst  is  Stock  No. 
163  —  net  price  $57.50. 

Ovtr  335  million  RCA  radio  takes 

_ _  have  been  purchased  by  radio 

users ...  in  tubes,  as  in  Parts  and 
Tr5/  Ewipment,  it  pays  to  /y> 


(Ratri  on  Apoliealion) 


Sound  Measurements.  Also  develop¬ 
ment  of  sound  measuring  equipment 
in  Vol.  5,  Nos.  1  and  3  of  Sound  Ad¬ 
vances.  Sound  Apparatus  Co.,  150 
West  46th  St.,  New  York. 


ELECTRICAL  TESTING 
LABORATORIES 

CbaracteriMlei 
or  Vncuum  Tuber 

lo  of  photo  celU.  flow  lunpe.  crmtcr  lempii. 

TmU  of  electronic  end  optical  derlces 
East  End  Avenue  and  ~9th  Street 
New  York.  N  Y. 

I-lione:  Butterfield  8  2600 


High  Fidelity  Receivers.  Discussed  in 
Scott  News.  E.  H.  Scott  Laboratories, 
Inc.,  4450  Ravenswood  Ave.,  Chicago. 


DESIGN  AND  DEVELNPMENT 

Iladio  .  Wevl.s  on 

Sound  .  Klec1roni‘'« 

MANUFACTURING  METHODS 

Conden-sers  .  Tubes  .  ResWors 

Vibrators  .  Lamps  .  Speakerr 

630  Fifth  Avenue  New  York.  N.  Y. 

Cable:  Interenfin,  New  York 


Phonograph  Pickup  Design.  Discussed 
in  Vol.  3,  No.  2  of  Brush  Strokes.  Brush 
Development  Co.,  3322  Perkins  Ave., 
Cleveland. 


Variac.  New  improved  models.  Type 
50-A  for  115  volts  (5  kva)  and  Type 
50-B  for  230  volts  (7  kva),  are  de¬ 
scribed  in  the  Experimenter  for  July. 
General  Radio  Co.,  30  State  St.,  Cam¬ 
bridge  A,  Mass. 


HAROLD  J.  McCreary 

Mem.  A.I.E.E.  A  W.S.E. 

Coflsuff/Rg  Engineer 

Laboratory  Facilities 
Research  Electronics 

Development  Television 

Design  Radio 

Factor)'  Practise  Railroad  Signaling 

Patent  Studies  Telephony 

106  W.  Adams  St.  Phons  STata  4003  Chicago.  III. 


Transformers.  Also  automatic  voltage 
regulators  described  and  list  prices 
given  in  Catalog  No.  400  by  Thordar- 
son  Electric  Mfg.  Co.,  500  West  Huron 
St.,  Chicago. 


PHOTOBELL  CORPORATION 

Consultation — Designs — Models 
Photo -electrle  applications  for  industr) 
CODTifflNO:  cans,  cartons,  people 
CONTROLS;  machlnerr,  weighing,  signs 
ALARMS:  burglar,  smoke,  ate. 

125  Liberty  Street,  New  York  City 


Pyrometers.  And  Resistance  Thermo¬ 
meters  are  described  in  Catalog  No, 
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IIOIE  by  C.  J.  Tagliabue  Mfg.  Co.,  I 
Park  and  Nostrand  Aves.,  Brooklyn,  | 
N.  Y. 

Instrument  Transformers.  A  new  line 
described  in  a  12  page  booklet.  No. 
B-2213,  by  Westinghouse  Electric  and 
Manufacturing  Co.,  East  Pittsburgh, 

Pa. 

Microphones.  Catalog  152  covers  crys¬ 
tal,  dynamic  and  carbon  microphones, 
in  uni-directional,  semi-directional,  gen¬ 
eral  purpose  and  communications  mod¬ 
els.  Shure  Brothers,  225  W.  Huron  ' 
St.,  Chicago. 

Relays.  A  large  variety  of  relays  are 
shown  and  list  prices  given  in  Catalog 
No.  2  by  Leach  Relay  Co.,  5915  Avalon 
Blvd.,  Los  Angeles.  j 

Master  Catalog.  Great  variety  of  radio  I 
items  and  equipment  shown  in  188  page  | 
catalog  by  Radio  Wire  Television,  Inc.  i 
(formerly  Wholesale  Radio  Service  I 
Co.),  100  Sixth  Ave.,  New  York. 

Soldering  Iron  Bracket.  Described  in  . 
booklet  by  Kester  Solder  Co.,  4201  ' 
Wrightwood  Ave.,  Chicago.  I 

Rheostats.  Bulletin  1620  describes  im¬ 
portant  improvements  in  Jagabi  slid-  I 
ing-contact  rheostats.  James  G.  Bid-  ' 
die  Co.,  1211-13  Arch  St.,  Philadelphia.  | 

Record  changers,  motors,  pickups,  etc. 
Described  in  a  16  page  catalog  by 
Garrard  Sales  Corp.,  296  Broadway, 
New  York. 

Fish  Rule.  Graduated  in  fisherman’s  I 
inches  for  the  measurement  of  fish,  pre-  ' 
sented  in  booklet  telling  of  personnel 
and  inside  workings  of  company.  Lit-  | 
telfuse.  Incorporated,  4238  Lincoln  Ave.,  1 
Chicago. 

Tremendous  Trifles.  Emphasizes  the 
importance  of  small  parts  (springs, 
bolts,  contact  points,  etc.)  and  gives 
technical  data  on  nickel  and  nickel 
alloys.  International  Nickel  Co.,  67 
Wall  St.,  New  York. 

Audio  Noise  Measurements.  As  ap-  j 
plied  to  transformers  on  page  13  and 
Electric  Means  for  Measuring  Low’ 
Pressures  in  Mercury  Arc  Rectifiers  on  j 
page  11  of  Electrical  Review  by  Allis- 
Chalniers  Mfg.  Co.,  Milwaukee,  Wis.  j 

Taper  Rectifiers.  And  d-c  power  units  j 
for  use  in  telephone,  utility,  industrial 
and  signal  service  described  in  Bulletin 
TC-51  by  Fansteel  Metallurgical  Corp., 
North  Chicago,  Ill. 

Magnet  Wire  and  Coils.  Described  in 
handbook  by  Anaconda  Wire  &  Cable 
Co.,  25  Broadway,  New  York. 

Thermo-Magnetic  Relays.  For  protec¬ 
tion  of  a-c  motors,  generators,  trans- 
fonner.s,  etc.,  described  in  (Catalog  12-a. 
^80,  Catalog  123  describes  a-c  and 
instruments.  Roller  Smith  Co., 
1766  West  Market  St.,  Bethlehem,  Pa. 
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Those  who  KNOW  say^  "TURBO 

"Leads  in  EVERY  important  production  factor" 


^  /Wa 


1 —  Highest  dielectric  values 

2 —  Tensile  strength  unsurpassed 

3 —  Flexibility;  withstands  every  practi¬ 
cal  bending  and  twisting  operation 

4—  Water,  acid  and  moisture  proof 

5—  Smooth  inside  bore  accelerates 
"snaking"  and  "fishing"  operations 


These  claims  are  not  merely  self-assertive  but  become  facts 
when  viewe<l  in  the  light  of  experience  by  practically  every  lead¬ 
ing  electrical  manufacturing  organization  with  Turbo  flexible 
varnishetl  tubing  and  saturateil  sleeving. 

To  be  s«)  substantiated  must  compel  recognition  as  the  out¬ 
standing  safeguard  for  stantlard  electrical  conductors. 

Such  a  reputation  must  have  been  earned  in  the  field  of 
electrical  insulation.  Remember  also  our  consistent  practice  of 
shipment  the  same  day  as  order — large  or  small — is  received. 

Mieo  pfafe  and  products — varnfsftad  oil  tubing,  saturated 
t/eeving,  varnished  cambric,  cloths  and  composites 

WILLIAM  BRAND  &  COMPANY 

270  Fourth  Ave.,  New  York  217  No.  Desplainet  St..  Chicago  | 


FOR  ACCURATE,  DEPENDABLE 

high  frequency 

CRYSTAL  CONTROL 


The  type  M02  and  M03  Bliley  High  Fre¬ 
quency  Quartz  Crystal  Units  are  designed  to 
provide  accurate,  dependable  irequency  con¬ 
trol  under  the  adverse  operating  conditions 
encountered  with  mobile  and  portable  trans¬ 
mitters.  Catalog  G-11  contains  complete 
iniormotion.  Write  for  your  copy. 

BLILEY  ELECTRIC  CO. 


UNION  STATION  BLDG. 


ERIE.  PA. 


CETRON 

PHOTO  CELLS  and  RECTIFIERS 

the  accepted  standard 
with  which  all  others  are  compared. 

Continental  Electric  Co. 


715  HAMILTON  ST. 


GENEVA.  ILLINOIS 


Circulars  and  Prices  on  Request. 


RADIATORS 


Capacitor-Motors.  What  they  are  and  by  Electrical  Research  Products,  Inc., 

why  they  are  used.  Booklet  2420  by  195  Broadway,  New  York.  This  de- 

General  Electric  Co.,  Schenectady,  vice  measures  the  intensity  of  sound 
N.  Y.  at  any  pre-selected  frequency  and  re¬ 

jects  all  other  sounds.  If  any  varia¬ 
tion  from  the  normal  sound  intensities 
are  indicated,  the  operator  is  warned 
that  the  machine  is  defective.  A  band 
pass  filter  is  used  to  pass  the  frequency 
or  frequencies  which  are  used  to  de¬ 
termine  the  proper  operation  of  the 
machine.  This  instrument  can  be 
adapted  to  the  production  lines  of  a 
larpre  variety  of  products  and  the  de¬ 
fective  units  removed. 

Buying  Guide.  Description  of  a  large 

number  of  radio  parts  and  a  variety  of  ContlenserH 

equipment  and  prices  given.  Sun 

Radio  Co.,  212  Fulton  St.,  New  York.  lin^  of  condensers  have 

been  announced  by  P.  R.  Mallory  & 
Co.,  Indianapolis,  Ind.  A  group  of 
cardboard  tubular  condensers,  includ¬ 
ing  over  50  different  ratings,  is  de- 


Amplifiers  and  sound  systems  with 
accessories  are  described  in  Catalog 
139  by  The  Webster  Co.,  5622  Bloom- 
ingdale  Ave.,  Chicago. 


Controllers  and  distributing  apparatus 
for  electric  light  and  power  described 
and  list  prices  given  in  condensed 
Catalog  395  by  Bull  Dog  Electric  Prod¬ 
ucts  Co.,  Detroit. 


ADDS 


to  coverage  and 
sales 

effectiveness 


Cable.  For  automotive,  aircraft  and 
marine  applications  of  radio,  power, 
lighting,  ignition  and  communication. 
Catalog  AM-1,  Boston  Insulated  Wire 
and  Cable  Co.,  Dorchester  District, 
Boston,  Mass. 


Our  advertising  prom¬ 
ises  for  increased  per¬ 
formance  and  efficiency 
are  backed  up  once 
again  by  the  amazing  re¬ 
sults  enjoyed  by  WIBW 
— Topeka,  Kansas.  Says 
WIBW.  "The  ultra-mod¬ 
ern  transmitter,  anfenna 
and  ground  system  is 
the  newest  and  most 
efficient  type  in  Amer¬ 
ica".  The  445  foot 
LINGO  RADIATOR  is 
one  of  the  tallest  of  this 
type  in  the  world  .  .  . 
and  is  added  proof  to 
alert  engineers  that 
Lingo  claims  of  low  cost 
and  plus  performance 
are  based  on  actual  re¬ 
sults  and  are  strictly  "as 
advertised"! 


New  Products 


Carboy  Poiirer 

A  NEW  TYPE  SAFETY  Carboy  Pourer  is 
announced  by  Lewis-Shepard  Sales 
Corp.,  245  Walnut  St.,  Watertown, 
Mass.  It  is  light  in  weight  and 
rigidly  built  and  may  be  quickly  and 
easily  handled  by  one  man.  With  the 


signed  to  cover  the  replacement  field. 
The  second  group  is  a  complete  line 
of  single  section  tubular  condensers 
(Type  BB)  made  with  fabricated 
plates  and  contained  in  hermetically 
sealed  one-piece  drawn  aluminum  cans. 
An  insulating  cardboard  cover  is  fur¬ 
nished  and  all  units  have  bare  wire 
leads. 


Write  for  your  copy  and  tend 
complete  details  on  location, 
power  and  frequency  of  station, 
so  we  can  show  you  bow  Lingo 
can  meet  your  particular  re¬ 
quirements.  No  obligation,  of 
course. 


Transmitter 

A  ONE  KILOWATT  transmitter  which 
has  high  power  efficiency  and  in  which 
all  parts  are  easily  accessible  is 
announced  by  Western  Electric  Ck)-. 
195  Broadway,  New  York.  It  is  de¬ 
signed  primarily  for  commercial  broad¬ 
casting  and  high  quality  police  serv¬ 
ice  and  makes  use  of  features  gen¬ 
erally  found  only  in  high-power  equip¬ 
ment.  The  Doherty  High  Efficiency 
Circuit  is  used  for  the  first  time  in 
a  transmitter  of  medium  power.  The 
stabilized  feedback  principle  is  alw 
used.  It  maintains  in  the  final  radio 
signal,  the  clarity  of  the  original  audio 
signal.  It  achieves  this  result  by 
minimizing  certain  undesirable  prod¬ 
ucts  of  modulation  inherent  in  an 
transmitters. 


JOHN  E.  LINGO 
&  SON,  INC. 

Dept.  C-9  Camden,  N.  J. 


carboy  resting  on  its  base,  the  pourer 
is  placed  over  the  top  and  clamped 
securely  by  means  of  a  threaded  handle 
just  below  the  shoulder.  An  easy  pull 
on  the  handle  brings  the  carboy  over 
into  pouring  position,  resting  on  a 
broad  rocker  base.  Pulling  the  carboy 
pourer  still  further  until  it  rests  on 
the  handle  permits  complete  drainage 
of  the  carboy. 


Industrial  Noise  Analyzer 

An  ELECTRICAL  EAR  which  will  enable 
unskilled  workers  to  detect  flaws  in 
running  machinery  has  been  announced 
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Speuker  Housing 

A  NEW  SERIES  of  speaker  enclosures 
embodying  the  Acousti-Reflex  principle 
are  announced  by  Operadio  Manufac¬ 
turing  Co.,  St.  Charles,  Ill.  Baffles 
are  desiirned  to  utilize  all  of  the  en- 


LASTING 

ACCURACY 


erpy  emanating  from  the  speaker  cone. 
The  .sound  is  taken  from  the  hack 
of  the  speaker  and  by  the  .Acousti-  ^ 
Reflex  principle,  projected  to  and  out 
of  the  front  of  the  speaker  cabinet, 
augmenting  the  sound  generated  by 
the  front  of  the  speaker  cone.  The  , 
efficiency  of  speaker  is  increased  and  ' 
better  coverage  is  effected  with  a 
lower  amplifier  power  output. 

Puwerslat 

A  NEW  LINE  of  Powerstat  variable 
transformers  for  transmitter  line 
voltage  control  and  general  electrical 
testing  has  been  announced  by  Su¬ 
perior  Electric  Co.,  56  Harrison  St., 
Bristol,  Conn.  Units  are  available  for 
single  and  three  phase  operation  on 
115,  230,  and  440  volt  circuits  with 
output  voltages  continuously  variable 
from  zero  to  above  line  voltage.  Ca¬ 
pacities  range  up  to  25  kva.  A  7.5 
kva  model  weighs  66  pounds  and  has  a 
no-load  loss  of  40  watts.  All  cast 
parts  are  of  aluminum  alloy  and 
units  above  2  kva  are  w’ound  with 
glass  insulated  wire.  Electrical  and 
mechanical  specifications  may  be  varied 
to  meet  individual  requirements. 

Rfronliiig  Dihcn 

ALVMiNUM-aiRED  RECORDING  blanks  in 
six  sizes  ranging  from  six  to  sixteen 
inches  in  diameter  are  announced  by 
RCA  Manufacturing  Co.,  Camden, 
N.  J.  The  list  prices  are  as  follows: 
6-inch  disc,  40^;  8-inch,  55^;  10-inch, 
80^;  12-inch,  $1.00;  16-inch  (thick¬ 
ness,  0.051  inch),  $1.80;  16-inch  (thick¬ 
ness,  0.065  inch),  $2.00.  They  are  sold 
in  packages  of  25. 


Booster  Coils 

Auto  radio  aerial  Booster  Coils  which 
fit  into  present  aerial  installations 
^thout  change  of  fittings  to  give 
increased  efficiency  and  reduced  noise 


Use  SIMPSON 
Testing  Instruments 


•  The  liner  Simpson  move 
mont  is  also  the  basis  of  a 
complete  line  of  Testing  In 
struments.  The  Model 

H  202  Roto  Ranger  Volt 
Ohm  Milliammeter 
with  twelve  auto 
matically  changing  in 
dependent  scales  is 
illustrated  above.  Op¬ 
posite  is  shown  the 
Model  230  smallest 
pocket  type  Volt  Ohm- 
Milliammeter.  Ask  lor 
description  of  lull  line 
of  testers. 


NO  MORE ! 


SIMPSON  instruments  have  a 
lighting  heart  a  movement 
with  the  expensive  bridge-type 
construction  and  soft  iron  pole 
pieces.  But  thanks  to  modern 
production  methods  you  are  not 
asked  to  pay  a  premium  price 
lor  this  premium  feature. 

Manufacturers  who  build  gual- 
ity  equipment  have  naturally 
selected  these  liner,  more  attrac¬ 
tive  instruments  as  the  finishing 
touch  to  their  product.  Typical 
instruments  are  illustrated.  Ask 
lor  bulletins  describing  ten 
models  covering  every  require, 
menl.  Let  us  show  you  why  so 
many  leading  manufacturers 
have  adopted  Simpson  instru¬ 
ments. 

SIMPSON  ELECTRIC  COMPANY 
S2I2  Kinxie  Street.  Chicago,  Ill. 


Model 

230 


HAVE  YOU  A  “PLUS  PROBLEM  ”? 


CANNON  PLUGS  are  manufactured  up  to  a  standard,  not 
down  to  a  price  .  .  .  they  are  fashioned  for  those  who 
aemand  dependability,  who  know  that  failure  spells  loss, 
perhaps  disaster — as  in  Sound  studios.  Aircraft  service  and 
many  parallel  appUcations.  Dependability,  precision,  exacting  standards,  rugged 
quality  and  variety  of  fittings — these  are  factors  that  have  made  CANNON  CABLE 
CONNECTORS  leaders  in  their  field.  Over  1,000  stock  fittings  are  always  available. 
Descriptive  Bulletins  afford  valuable  information  and  mc^  assist  you  in  solving  your 
"plug"  problems.  When  requesting  Bulletin,  please  specify  your  requirements. 

Cannon  Plugs  are  pre-eminent  in  the  fields  of  Sound,  Aeronautics, 
Geophysical  Reseorch.  Instrument  Control  on  Ships  and  Laboratory  Panels. 

CANNON  ELECTRIC  DEVELOPMENT  CO 

★  410UJest  Avenue  33,  Los  Anqeles,  California 
f  ★  EASTERN  SALES  OFFICE,  220  Fifth  Ave., Neat Yorh,N.Y. 


CANNON  PLUGS 


Powerful  Sensitive  Relays  for 

AUTOMATIC  CONTROL-KEYING-ANTENNA  CHANGEOVER 

•  Specially  Adapted  for  Aircraft  Radio 


Type  223  it  particularly  adapted  for  speed  keying  of  high 
voltage*  high  frequency  current. 

The  conditions  encountered  in  aircraft  radio  demand  that 
the  relay  he  unaffected  by  position  or  ▼ibration.  The  Kur> 
man  Sensilives  have  balanced  armatures. 

A  mica-insulated  balanced  armature-con! act  arm 
ast^embly  it  provided.  Full  particulars  in  Bulletin 
210. 

Send  us  your  specifications,  we  may  have  a  relay 
suitable  for  your  needs. 

KURMAN  ELECTRIC  CO.,  INC. 
241  Lafayette  St.  New  York,  N.  Y. 
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KULCKID 


Tt'NCSTtN 


CALLITE 


EISLER  ELECTRIC  CORP.  •  544  39th  ST.  •  UNION  CITY.  N.  J, 


in  reception  have  been  announced  by 
Consolidated  Wire  and  Associated 
Corps.,  514  So.  Peoria  St.,  Chicago. 
A  coil,  contained  in  a  tube  from  which 
it  is  shielded,  fits  between  the  lead-in 
and  the  receiver.  A  spring  within 
the  unit  assures  positive  contact  at 
each  end  connection.  These  units 
offer  an  easy,  inexpensive  way  to  in¬ 
crease  the  efficiency  of  auto  radio 
aerials. 


Television  Antennas 

Three  television  antenna  system.s 
have  been  announced  by  RCA  Manu¬ 
facturing  Co.,  Camden,  N.  J.  No.  9871 
is  a  double  di-pole  antenna  for  use 
where  reflection  or  distortion  are  not 


Compact  Co-ordinated  Control 


j1$i  U$  To  Uakm  Specific  Rocommendationt.  Writ*  for  Cataiog  "£”  Today! 


ELECTRIC 


problems.  It  consists  of  four  antenna 
rods,  a  wooden  mounting  pole  and 
accessories  for  convenient  location. 
List  price  is  $7.50.  The  combination 
of  antenna  No.  9871  and  reflector  No. 
9872  is  for  use  in  locations  where 
television  signals  travel  over  two 
paths  as  a  result  of  reflection  from 
some  obstacle,  thus  causing  double 
images  and  blurring.  The  list  price 
of  the  reflector  is  $13.75.  The  third 
system  is  the  double  V  wire  television 
antenna  for  use  in  locations  where 
signal  strength  is  good  and  reflection 
problems  are  not  encountered.  The 
list  price  is  $4.00. 


Chicago,  Illinois 


Record  Changer 

Another  new  automatic  record 
changer.  Model  RC-50,  has  been  intro¬ 
duced  by  Garrard  Sales  Corp.,  296 
Broadway,  New  York.  The  model  RC- 
50  will  play  eight  records  of  either 
ten  or  twelve  inch  diameter  in  any 
sequence.  A  new  non-slip  spindle 


* 


Call  on  Callite  •ngineers  for  de¬ 
tailed  information  on  fluorescent 
materials,  lead-in  wires  and  con¬ 
tact  points. 


eliminates  record  slippage  no  matter 
how  badly  the  records  may  be  warped 
or  chipped.  Spring  mounting  hard¬ 
ware  is  furnished  so  that  the  unit 
floats  free  of  the  cabinet.  Two  units 
are  available;  the  RC-50  which  oper- 


September  1939  —  ELECTROMCS 


matter 
•varped 
bard¬ 
ie  unit 
)  units 
1  oper- 


"DUCTER' 

LOW  RESISTANCE 
TESTING  SET 

DIRECT  POINTER  READINGS 
DOWN  TO  .000001  OHM 

For  rapid  moaturamontt  of  armatura,  fiald  and 
transformar  colli,  toldarad  jointi,  fuiat,  switch 
and  ralay  contacts,  and  othar  low  rasistancas. 
Oparatas  from  battary.  Raquiras  no  adjustmant 
for  battary  voltaqa.  Simply  apply  a  pair  of  hand 
spikts  and  raad  tha  scala. 

WRITE  FOR  BULLETIN  1440-E. 


JAMES  G.  BIDDLE  CO. 


ILICTRIC  AL  AND 
SCIfNTIFIC  INSTRUMINTS 
1911-13  ARCH  ST.  PH^jlAOELPHIA.  PA. 


Model  DN-50 
DYNAMIC 
MICROPHONE 

High  in  Efficiency. 
Low  in  Price. 


Modal  DN-SO  Microphona  incorporalaa 
Astalic'i  naw  Unitary  Mowing  Coil  Sya- 
iMi  ...  a  corractly  dasignad  magnatic 
atractura  with  Alnico  Magnat  and  cara- 
■vuy  proportionad  acouatic  circuit. 
Equippad  with  tiiting  haad,  awiwal  baaa. 
LUt^  and  25  ft.  cabla.  $20 

Tranaforsnar  Modala  $22.50 
See  Jobber  or  Write  for  Literature 


astatic  microphone 

LABORATORY,  INC. 

YOUNGSTOWN,  OHIO 

lAiensi-d  Under  Brush  Development  Co.  Patents 


turntable  and  pick-up,  and  a  six-volt 
motor-generator  are  built  into  an  all- 
metal  carrying  case  with  a  removable 
cover  w’hich  provides  storage  space 
I  for  records,  cables,  microphones,  etc. 

'  The  amplifier  has  ten  tubes  w’ith 
!  HYTGs  in  push-pull-parallel  in  the 
I  Class  B  final  stage.  The  unit  has  two 
input  channels  for  microphones  and 
one  for  phono  and  a  universal  output 
channel.  The  frequency  range  is  from 
.">0  to  10,000  cps  and  the  gain  (meas¬ 
ured  with  input  impedance  of  150,000 
ohms)  is  120  db  for  the  low  level  in¬ 
puts  and  90  db  for  the  phono  input. 
The  power  consumption  is  125  watts 
at  115  volts  ac,  or  15-25  amperes  at 
six  volts  dc. 

Transmitter 

-A.  TRANSMITTER  to  operate  between 
1.7  and  60  Me  is  announced  by  Halli- 
crafters,  Inc.,  2611  Indiana  Ave., 
Chicago.  It  has  eight  tubes  including 
an  807  or  RK39  in  the  power  amplifier 
stage  and  has  a  power  output  of  25 
watts.  Each  of  the  three  channels 
is  set  up  by  the  use  of  appropriate 
plug-in  units  and  all  circuits  except 
the  final  tank  circuit  are  pretuned  to 
the  desired  operating  frequencies. 
Shifting  from  one  band  to  another 
therefore  involves  only  the  throwing 
of  a  switch  and  tuning  the  tank  con¬ 
denser  by  a  single  control.  Normal 
operation  is  from  the  115  volt  ac  line, 
but  provision  is  made  for  operation 
from  batteries  or  other  dc  source.  The 
transmitter  is  contained  in  a  steel 
cabinet  20  inches  long,  15  inches  deep 
and  9  inches  high. 


A  Complete  Line 
iFor  Every  Purpose 

Radio  engineers  have  learned  from  ex- 
'  perience  that  Pioneer  Cen-E-Motor  Cor- 
I  poration^s  dynamotors,  gen-e-motors  and 
I  converters  provide  the  last  word  in  de¬ 
pendable  power  supply  units  for  air  craft, 
;  police,  marine  and  auto  radios  and  public 
i  address  systems.  They  are  available  in  a 
I  wide  range  of  capacities  for  every  require- 
i  ment.  Designed  and  constructed  to  give 
maximum .  long  life  and  service.  Light 
I  weight  and  compact.  For  complete  in- 
i  formation  fill  out  and  mail  coupon  below. 

PIONEER  GEN-E-MOTOR  CORP. 

466  W.  Superior  St.,  Chicago 


ttpori  Addrett 
25  WARREN  ST. 
NEW  YORK.  N.  Y. 


silver  8^ 
OYNAMOTo^O 


PIONEER  GEN-E-MOTOR  CORPORATION 
Dept.  R-41,  466  W.  Suparlor  StrMt,  Chieaso,  IlllnsU 
PlMM  Mod  ma  "Pincor''  Silver  Band  Dynamotor 
Cataloc  and  Data  Sheets. 


Cite . dtete 

□  Alee  send  wt»  Cenewter  Ceteleg 
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Speaking  of 
Recording  Equipment— 

HAVE  YOU  SEEN 
The  New 

PRESTO  MODEL  Y? 


}prQTn  recording 
IilOIU  corporation 

242  West  55th  Street,  N  ew  York,  N.  Y. 


On  severe  overloads  the  fuse  link 
melts  as  a  conventional  fuse,  but  on 
less  severe,  prolonged  overloads  the 
resistor  heats  up  and  melts  the  fusible 
alloy  connecting  it  to  the  fuse  link. 


Insulators 


Improved  feeder  spreaders  and  in¬ 
sulators  for  radio  transmission  made 
of  Lucite  are  now  being  manufactured 
by  Caldwell  Products  Co.,  Mt.  Vernon, 
N.  Y.  The  spreaders,  called  No-Ty, 
in  the  standard  two,  four  and  six 
inch  lengths,  and  in  ^  inch  diameter, 
have  a  metal  set-screw  at  each  end, 
with  the  screw  fitting  into  a  tapped 
hole  drilled  in  the  plastic.  Instead  of 
a  slot  for  a  tiewire,  the  spreaders  have 
a  round  hole  running  through  the 
diameter  of  the  rod  at  each  end 
through  which  the  feeder  wire  is  run. 
The  set-screw  is  perpendicular  tt>  the 
wire  at  this  point. 


B  Ballerv 


A  NEW  B  BATTERY  called  the  Mini- 
Max  is  announced  by  National  Carbon 
Co.,  30  East  42nd  St.,  New  York. 
It  weighs  only  two  pounds  but  has  a 


Coupling  Capacitor 

A  NEW  I.ARCER  TYPE  CA  carrier  cur¬ 
rent  coupling  condenser  has  been  an¬ 
nounced  by  Cornell-Dubilier  Electric 
Corp.,  South  Plainfield,  N.  J.  The  fog 


and  have  you  noticed 
these  features? 

1  New  rubber-rimnied  turntable,  driven 
dire<‘tly  by  tbe  motor.  Only  tno  moving 
parts — no  ftears,  no  idler  wheels,  noth¬ 
ing  to  \tear  out. 

2  Instant  ebange  78  to  r.p.ni. 

3  Instant  ebange  outside-in  to  inside-out 
cut. 

4  M  akes  startin  g  and  runout  spiral  grtatves. 

5  Makes  ei-eentrie  trip  groove  at  center  of 
record. 

6  Iligb  fidelity  cutter,  range  .70  to  6.7(HI 
c.p.s. 

7  Cuts  reeonis  up  to  size  at  112 

lines  per  inch. 

8  Easily  portable;  weighs  only  11  lbs. 

9  List  pri<-e  S.l.iO.tM). 


service  life  equal  to  that  of  the  average 
battery  twice  its  size.  Model  432  is 
3i  by  13  by  5i’a  inches  and  pro¬ 
vides  45  volts  for  200  to  300  hours 
in  an  average  portable  receiver.  The 
name  of  the  battery  is  derived  from 
the  idea  of  minimum  space  to  give 
maximum  power. 


Coil  Turrets 


Four  new  baby  coil  turrets  are  an¬ 
nounced  by  Barker  &  Williamson  Co.. 
.\rdmore.  Pa.  They  are  designed  for 
use  as  5-band  switching  units  in  low- 
power  transmitter  and  exciter  stages. 
Each  turret  contains  five  B  &  W  coils 
covering  the  range  from  ten  to  1*>0 
meters  and  may  be  tuned  in  all  types 
of  service  with  any  midget  conden.ser 
having  an  effective  capacity  of  100 
MMf.  The  coils  are  mountt'd  as  an  in¬ 
tegral  part  of  the  switch  by  means  of 
a  stamped  metal  spider  which  main¬ 
tains  permanent  coil  alignment  and  a 
maximum  of  rigidity  in  the  as.sembly. 
The  turrets  are  all  rated  at  35  watts 
and  are  available  in  four  types  for 
different  types  of  service. 


type  petticoats  give  a  large  creepage 
distance  between  terminals.  The  ca¬ 
pacitors  are  constructed  with  galvan¬ 
ized  malleable  iron  mounting  flanges 
so  that  they  may  be  stacked  for  series, 
high  voltage  connection.  New  internal 
mechanical  construction  affords  great 
tensile  strength.  The  base  and  top 
are  sealed  so  as  to  give  leakproof 
service.  The  capacitor  sections  are 
designed  for  low  resistance  at  high 
frequencies  and  very  low  60  cycle 
stress.  The  individual  units  are  now 
made  up  to  46,000  volts,  but  may  be 
stacked  to  operate  at  any  desired  volt¬ 
age. 

Frequency  Standard 

Fuses  A  NEW  100-1000  kc  oscillator  standard. 

BL-2FS,  was  recently  announced  by 
Slo-Blo  fuses  which  are  designed  to  Browning  Laboratories,  Inc.,  750  Main 

carry  harmless  inductive  of  capacitive  St.,  Winchester,  Mass.  It  consi.«ts  of 

surges  and  overloads  for  a  reasonable  two  stable  E.  C.  circuits  mounted, 

period  of  time,  but  to  blow  before  the  together  with  a  band-switch,  in  a 

danger  point  is  reached  are  announced  shielded  can.  Silver  cap  condensers 

by  Littelfuse  Incorporated,  4238  Lin-  are  placed  across  each  coil.  Fretiuency 

coin  Ave.,  Chicago.  They  are  dual  adjustment  is  made  by  the  u.-^e  of 

purpose  fuses  having  a  simple  fuse  brass  plunger  screws  inserted  in  each 

link  and  a  resistor  element  which  pro-  coil.  The  frequency  may  be  checked 

vides  the  heat  inertia  or  time  lag.  against  Station  WWV. 


10  Combination  amplifier-louiltipeaker  <li- 
.  vides  diagonally. 

1  1  One  side  contains  lO-watt  amplifier 
\»ith  gain  of  125  db.  Uniform  response 
50  to  10,000  c.p.s.  Equipped  with  two- 
microphone  mixer,  high  and  low  fre¬ 
quency  e<]ualizers.  OfM-rates  as  rec¬ 
order,  playback  or  public  address  sys¬ 
tem. 

12  Second  section  (not  shown)  contains 
10"  high  quality  speaker. 

13  W  eighs  47  lbs. 

14  List  price  $245.00. 

T  he  Presto  Model  Y  recorder  is 
recommended  for  use  in  broadcast¬ 
ing  stations,  schools  or  commercial 
recording  studios.  Send  for  booklet 

_ pving  complete  technical  data. 


September  J 939  —  ELECTRONICS 


1 

battcbv 

1  POUTA-Lf  MOIOS 

!s 

k 

Frequency  Mmliilatioii 
Receivers 

The  first  frequency  modulation  re¬ 
ceivers  designed  for  public  use  have 
been  announced  by  General  Electric 
Co.,  BridKvport,  Conn.  Model  HM-136 
has  in  addition  to  the  band  from  39 
to  44  Me  for  frequency  modulated 


DIRECT  READING 
FREQUENCY  MONITOR 


FEATURES: 

•  Provides  direct  reading  of  frequency 
deviation 

*  Temperature  controlled  crystal  cham- 


9  Operates  on  any  frequency — 1500  to 
50,000  KC 

9  Accuracy  of  the  monitoring  frequency 
is  .002  per  cent 

9  Three  ranges  of  measurement — 1000, 
5000,  and  10,000  cycles 


signals,  three  bands  for  the  reception 
of  amplitude  modulated  signals.  Pro¬ 
vision  is  made  to  receive  television 
audio  signals  and  for  phonograph  rec¬ 
ords.  This  receiver  has  thirteen  tubes 
and  delivers  20  watts  of  audio  power. 
Muriels  HM-SO  and  HM-85  use  identical 
chasses,  but  different  cabinets.  The 
tuning  range  of  these  models  is  39  to 
44  Me.  Provision  is  also  made  in  these 
receivers  for  television  audio  signals 
and  for  phonograph  records.  Eight 
tuf)es  are  used  in  these  sets  which  have 
a  power  output  of  five  watts. 


For  further  detalla  write 


7421  S.  LOOMIS  BLVD. 
CHICAGO,  ILLINOIS 


PSHMANSMT  MAONSTS 


\  ALL  SHAPES  —  ALL  SIZES 
\  FOR  ALL  PURPOSES 

A  Stamped,  Formed,  and  Cast;  Chrome,  Tung- 
\  sten.  Cobalt  and  ALNICO**  (cast  or  sin¬ 
’s  tered)  under  G.  E.  license. 

^  THOMAS  &  SKINNER 

^  STEEL  PRODUCTS  COMPANY 

MU  E.  23rd  STREET  INDIANAPOLIS,  INDIANA 

Laminations  for  Radio  Transformers  —  Tools 
Dies  —  Heat  Treating  —  Stampings 


Molding  Maohino 

A  NEW  COMPLETELY  automatic  molding 
machine  for  thermo-setting  plastics  is 
announced  by  F.  J.  Stokes  Machine 
Co.,  Olney  P.  O.,  Philadelphia.  It  has 
a  ten  inch  stroke  and  is  rated  at  fif¬ 
teen  tons,  but  will  produce  moldings 
requiring  up  to  eighteen  tons  pres¬ 
sure.  It  will  mold  parts  up  to  four 
inches  in  height,  six  inches  long  and  19 
inches  of  projected  area.  It  has  an 
adjustable  bolster  to  reduce  the  length 
of  lain  ti'avel  and  thus  increase  pro¬ 
duction  rates  on  shallow  work.  Single 
cavity  molds  are  used  and  the  machine 
has  a  production  rate  of  10,000  or 
more  pieces  of  work  per  w’eek.  The 
rate  ean  be  increased  by  the  use  of  two 
or  more  molds  in  the  same  machine. 


Note  These  Features  of  This  New 
^Webster  Electric  Crystal  Pick-up! 


Moisture-proofed  crystal  element . . .  Frequency  response 
range  from  50  to  8500  cycles  . . .  Rubber  cushioned  arm 
assembly  .  .  .  Needle  pressure  of  only 
2.5  ounces  .  .  .  Convenient  single  hole 
mounting  for  motor  boards  from  1/16'  to 
thick  . . .  Write  for  technical  details. 

WEBSTER  ELECTRIC  COMPANY 
RACINE.  WISCONSIN.U.S.  A.  Eat.  1909 
Export  D*pt.:  lOO  VarickStToot,  Now  York 
City.  Cabio  Addzeaa:  “ARIJVB”  Now  York 


LiceoMed  under  paieatt  of  the 

Bruth  Development  Compony 


Insulated  Tube  Caps 

A  line,  of  INSULATED  tube  caps  is 
announced  by  Alden  Products  Co.,  715 
Center  St.,  Brockton,  Mass.  A  large 
variety  of  styles  is  provided  to  fit 
various  tube  types.  In  some  styles 
the  insulating  skirt  fits  well  down 


Webster  m  Electric 


'IFAoro  Oualitr  ia  a  Beepoaeibility  and  Fait  Dmaltne  an  Obtlgatien 
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When  •  precision  electrical  device  or  a  critical  process  is  powered  from 
an  AC  line,  a  Raytheon  Voltage  Stabilizer  will  permanently  eliminate 
all  of  the  detrimental  effects  caused  by  AC  line  voltage  fluctuations. 
Made  for  all  commercial  voltages  and  frequencies,  single  or  three  phase. 

Raytheon's  twelve  years  of  experience  in  successfully  applying  the 
Stabilizer  to  hundreds  of  perplexing  voltage  fluctuation  problems  is  at 
your  service.  It  will  pay  you  to  take  advantage  of  our  engineering  skill. 

Write  for  Bulletin  DL48-71  JE  describing  Raytheon  Stabilizers. 


RAYTHEON  MANUFACTURING  CO. 

lOO  Willow  Street,  WALTHAM,  Massachusetts 


TESTER 
MODEL  411 


RCP  TEST  INSTRUMENTS 


Two  thing's  you  want  in  test  equipment:  preci-  ! 
sion  engineering,  moderate  cost.  RCP’s  steadily 
climbing  sales  curve  shows  how  seldom  in  in¬ 
struments  these  two  have  been  combined.  Yes. 
RCP  offers — accuracy,  dependability  and  moder¬ 
ate  cost.  Proof?  Check  the  instruments  below. 
Ret  lember,  these  are  only  three  in  RCP’s  com¬ 
plete  line. 


RCP 

ELECTRONIC 
MULTITESTER  | 
MODEL  660 


ONLY  IN  AN  INSTRUMENT  COSTING  2 
to  4  times  the  price  are  found  the  same  extra¬ 
ordinary  ranges,  the  sensitivity  and  facilities 
for  measuring  large  values  offered  by  this 
vacuum  tube  volt-ohmmeter.  Ranges  up  to  6000 
volts  D.C.,  and  1  billion  ohms.  Lowest  reading 
0.1  volt.  Gets  its  unusual  sensitivity  ffom  an 
input  resistance  of  200  megohms  on  all  ranges 
except  6  volts,  (forty  million).  Total  of  12 
ranges  all  on  direct  reading  scales.  Extreme 
operating  simplicity  and  versatility  makes  the 
Model  660  ideal  for  production  line  as  well  as 
service  application.  Supplied  complete  in  hand- 
rubbed  sloping  walnut  case.  $18.85 


RCP 

UNIVERSAL 

SUPER- 


over  the  side  of  the  tube.  The  caps 
may  be  fitted  with  any  of  a  larjre  num¬ 
ber  of  different  types  of  wire.  The 
clips  are  made  of  phosphor  bronze, 
but  special  heat  treated  beryllium  cop¬ 
per  may  be  supplied.  In  those  types 
designed  for  transmitting  work,  the 
wire  is  clamped  to  the  clip  because  the 
high  temperatures  involved  in  normal 
operation  would  melt  any  solder  joint. 
Also  announced  by  this  company  is 
an  interlock  to  remove  the  source  of 
power  when  the  back  panel  of  equip¬ 
ment  is  removed. 

I-f  Coil 

A  NEW  PERMEABILITY  tuned  i-f  coil  has 
been  announced  by  Burlington  Labora¬ 


tories,  Inc.,  1617  North  Uamen  Ave., 
Chicago.  The  new  coil  combines  stabil¬ 


ity  with  selectivity  and  gain.  The  cnils 
are  wound  on  bakelite  tubing  and  lan 
be  adjusted  from  the  top  or  bottom. 
The  unit  is  compactly  constructed  in 
a  shielded  can  Ig  inches  by  inches. 


Transiiiiltiiig  Tiib<* 

A  MODERNIZED  VERSION  of  the  old 
standard  type  849  transmitting  tube 
is  announced  by  United  Electronics 
Co.,  42  Spring  St.,  Newark,  N.  J.  It 
is  the  type  949 A  tube.  The  new  tube 
has  an  anode  of  especially  processed 
graphite  which  reduces  troubles  from 
occluded  gases.  The  dimensions  and 
mounting  facilities  of  the  949A  are 
identical  with  those  of  the  849,  but 
the  characteristics  are  considerably 
improved.  The  power  output  of  the 
new  tube  is  1200  watts  as  against  650 
watts  for  the  old  tube.  The  domestic 
retail  price  is  $13."). 


Vibrators 

A  NEW  LINE  of  vibrator  power  sup¬ 
plies  is  announced  by  Electronic  Lab¬ 
oratories,  Inc.,  122  West  New  York 
St.,  Indianapolis,  Ind.  The  new  line 
contains  conventional  small  vibrator 
supplies  which  will  deliver  100  nia  at 
300  volts  and  heavy  duty  supplies 
capable  of  delivering  200  ma  at  400 
volts.  They  will  operate  on  110  volts 
a-c  as  well  as  the  various  d-c  voltages 
and  are  designed  to  use  either  two  type 


THE  MOST  COMPREHENSIVE  tester  ever 
devised  to  provide  measurements  of  such  ac-  ; 
curacy  in  ranges  never  before  available  in  small 
instruments.  Features  include:  S  stage  AC-DC  ; 
voltage  range  to  5000  volts.  3  stage  AC-DC  cur-  I 
rent  range  to  25  amps.  DC  milliamps  0/10/100.  I 
D(^  microamps  0/200.  3  stage  ohmmeter  range 
to  4,000.000  ohms.  In  natural  A 

hardwood  case.  Net .  ^ 


RCP 
SIGNAL 
6ENERATDR 
MDDEL  TD2 


EVEN  FINER  PERFORMANCE  than  RCP's 
former  signal  generator,  and  that — costing  30% 
more — was  an  outstanding  buy!  Has  all  the  lat¬ 
est  improvements  in  circuit  and  mechanical  de-  | 
sign.  Extremely  wide  all-wave  coverage  con¬ 
tinuously  variable  from  95  Kilocycles  to  100 
Megacycles.  Output  may  be  modulated  at  will. 
30%  modulation  at  400  cycles,  sine  wave  from  ; 
self-contained  independent  400  cycle  circuit.  ' 
Can  be  used  with  outside  sweep  circuit  and 
wobbulator  for  all  forms  of  oscillographic  wave 
analysis.  Attenuation  in  approximate  microvolts 
by  means  of  five  step  ladder  attenuator.  Attrac¬ 
tive  professional  appearance.  4^99  QC 

AC  operated.  Net . 

CATALOG  No.  121  crntrying  complete  story  of 
the  RCP  Quslity  line  of  test  equipment  free  on 
request. 


PRODUCTS  CO.  INC. 

88  PARK  PLACE.  N.  Y.  C, 


Varytag  laiNt  Valtagt 
•  5-130  VOLTS 


mm  OMt  «■ 

15  VOLTS  :tk 


INSTANTANEOUS  ACTION 


NO  MOVING  PARTS 


ALDEN  SERVICES 

We  specialize  in  problems 
of  making  any  component 
needed 

Small  quantltlas 
or  forgo 

Of  Bakelite,  Metal,  Wire 
or  any  combination. 
Components  such  as: 

Inaulated  Grid  Cap* 

High  Voltage  Rectifier  Socket* 
Woven  Wire  Cables 
Dial  Light  Socket* 

Automotive  Shielded  Cable*  and 
Grounding  Socket* 

Adapter*  for  all  circuit*  and  all 
purpo*e* 

Connector*  of  all  kind* 

Several  Interesting  new 

developments  for 

television 

Get  your  name  on  the  mail* 
ing  list  for  new  interesting 
data  sheet  about  to  be 
released. 

ALDEN  PRODUCTS  COMPANY 

71 S  Center  Street  Brockton,  Moss. 


for 

SENSITIVITY 

D.C.  RELAYS 

oparatiag  at  one  to  lUty 
milliwatts  to  control  A.C. 
loads  of  50  to  1000  watts 

AS.  RELAYS 

actuated  by  telepbonlcally 
applied  sound  to  Initiate 
control  /unctions  through 
other  relays 

ACOUSTIC 

SWITCHES 

with  senslttrlty  adjustable 
/or  desired  response  to 
sounds  of  higli  or  low 
intensity. 

Writ*  lor  Data  Shoot  Num- 
hor  SoTon  lUtinq  now  Siqma 
product*  includinq  tho  typo 
3-U  on*  milliwatt  rolay. 

Sigma  instruments,  Inc. 

388  Tropolo  Road 
Bolmont  Ma**achus*tt* 


0Z4  tubes  or  one  type  5T4  tube.  The 
heavy  duty  units  utilize  the  electronic 
converter  type  vibrator  or  tandem 
type  vibrator  which  have  approx¬ 
imately  five  to  eiffht  times  the  life 
of  an  ordinary  auto  radio  type  unit. 


Microvollrr 

A  CRYSTAL  CONTROLLED  Microvolter, 
Model  19X,  with  a  self-contained 
vacuum  tube  voltmeter  and  power 
level  meter  is  announced  by  The  Hic- 
kok  Electrical  Instrument  Co.,  10514 


Dupont  Ave.,  Cleveland,  Ohio.  It 
ha.s  a  frequency  ranire  from  100  kc 
to  00  Me  over  seven  bands  and  is 
accurate  to  0.01  per  cent.  The  r-f  out¬ 
put  is  directly  calibrated  from  0.5 
to  100,000  microvolts  on  all  ranges. 
The  a-f  output  is  calibrated  from  0 
to  1.0  volt. 


ALTOMATIC  TELEGRAPH 
DEVICE 


Rocently  demonstratod  at  tho 
Goldon  Goto  Expo*ition  wa*  this 
automatic  dovico  for  sanding  and 
rocoiving  factimilo  tologroma.  A.  E. 
Litter  and  Patricia  are  shown  sand¬ 
ing  tho  first  facsimilo  telegram  on 
the  machine 


GENERAL  CONTROL 
CAM  LEVER  SWITCH 

Specifications  of  S  C  L  Cam 
Lever  Switch  are  as  follows: 
Non-Corrosive — No  Bounce 

10  amps . 125  volts  A  C 

2  amps . 125  volts  D  C 

Lock  or  non-lock  features 
Assembly  Possibilities  Unlimited 

A  FEW  OF  OUR  CUSTOMERS 

These  leading  United  States  manufac¬ 
turers  have  ordered  and  re-ordered 
G  C  L  Cam  Lever  Switches. 

•  Bendix  Radio  Corp. 

•  The  Bristol  Company 

a  California  Inst,  of  Tech. 

•  General  Electric  Company 

•  Westinghouse  Electric  &  Mfg.  Co. 

•  Ken-Rad  Tube  &  Lamp  Corp. 

•  Western  Union  Tel.  Co. 

•  Idaho  Power  Company 

We  manufacture  complete  automatic 
control  equipment  for  machinery  and 
process  equipment, 

CONTACT 
ASSEMBLIES 

Separate  contact  as¬ 
semblies  and  contact: 
themselves  available. 

— Dimensions  contact 
assembly  3’/2  inche: 

I  overall 

— Dimensions  betweer 
mounting  center: 

9/16  inches 

General 

Control  Company 

Cambridge  Mo**. 


Pleas*  sond  m*  at  no  obligation: 

□  Full  information  on  Cam  Lovor  Switchos 
or  Contacts. 

G  Full  information  on  onginoering  sorvic*. 

□  Quotations  on  problem  details  enclosed 
herewith. 

Nam* 

Position 

Company  . 

Address  . 

Paste  coupon  on  penny  postcard  and  mail 
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British  Patents 


Examin*  any  instrument  INTERNALLY  as  well 
as  externally.  Note  the  PRECISION  craftsman¬ 
ship  and  the  infinite  care  in  construction  and 
wiring.  Erery  instrument  is  individually  cali¬ 
brated  against  laboratory  standards.  More 
than  40  models  in  PRECISION'S  1940  line. 


Luminescent  Screens 

No.  501,490.  A  fluorescent  screen  of 
calcium  and/or  strontium  oxide  acti¬ 
vated  by  manganese  is  applied  to  the 
conductive  substratum  of  a  discharge 
tube  by  grinding  a  mixture  of  calcium 
and/or  strontium  carbonate  and  man¬ 
ganese  carbonate  or  dioxide,  spraying 
a  thin  layer  of  the  ground  material 
onto  the  substratum,  and  decomposing 
the  carbonates  by  heating  within  the 
exhausted  tube.  High-frequency  cur¬ 
rents  are  used  for  heating  the  mixture. 
The  mixture  of  carbonates  is  precipi¬ 
tated  from  a  solution  of  the  corre¬ 
sponding  nitrates.  Philips. 


Secure  IMPROVED  PERFORM- 
AN’C'.ES.  Cores  and  prices  to  meet 
every  need— YOl'  CANNOT  AF- 
FORD  TO  L'.SE  ANYTIIINC  IN¬ 
FERIOR. 

Pr«>ven  the  most  dependable  and 
uniform  (elfM*trically  and  physi¬ 
cally)  for  permeability  tuning  and 
push-button  remote  tuning — wave- 
traps,  1  F  transformers  and  antenna 
coils — sensitive  television  circuits, 
etc. 

Our  engine<‘rs  with  PRACTICAL 
KNOWLEDGE  collaborate  in  secur¬ 
ing  optimum  original  designs  in 
your  circuits  suitable  for  commer¬ 
cial  manufacture. 


SERIES  844  34  RANGE 

AC  -  DC  VOLT  -  OHM  -  DECIBEL  -  MILLIAMMETER 
6000  Volts,  AC-DC;  10  Megohms;  12  Amperes 

•  SIX  A.C.  and  D.C.  VOLTAGE  RANGES  at  1000 
ohma  per  volt:  0-12;  0-60;  0-300;  0-600  ;  0-1200; 
0-6000  volts. 

•  SIX  O.C.  CURRENT  RANGES: 

0-1.2;  0-12;  0-60;  0-300  ;  0-1200  MA;  and  0-12 

amperes. 

•  FOUR  RESISTANCE  RANGES: 

0-400:  0-100.000;  0-1  Meg.;  and  0-10  Mags. 

Provisions  for  Mounting  Ohmmeter  Batteries  (4'/s  and 
45  volts)  on  Inside  of  ease. 

•  SIX  DECIBEL  RANGES  from  —12  to  t70  DB. 

•  SIX  OUTPUT  RANGES: 

0-12;  0-60;  0-300  ;  0-600;  1-1200  ;  0-6000  volts. 
844-P-'Walnut  flni.shed  hardwood  portable  case,  remov¬ 
able  cover  and  tool  compartment.  .Size  9  x  in  x  l>. 

Net  Price  (I.ess  batleriea  and  test  leads)...  $24.95 


No.  501,624.  Before  application  to  the 
screen  surface,  luminescent  material  is 
mixed  intimately  with  a  small  amount, 
e.g.  J — 1  per  cent,  of  phosphoric  acid 
and  enough  liquid  to  form  a  paste  and 
after  drying  and  grinding,  the  result¬ 
ing  powder  is  treated  to  eliminate  the 
coarser  particles.  The  liquid  may  be 
w'ater,  e.g.  by  employing  a  5  per  cent 
solution  of  the  phosphoric  acid  of  the 
kind  sold  under  the  Registered  Trade 
Mark  “Analar.”  The  drying  is  con¬ 
ducted  for  one  hour  at  200*  C.  and  the 
sieve  is  of  240  mesh.  Phosphoric  acid 
may  also  be  used  as  the  binder.  G.E. 


FERROCART 

CORPORATION  OF  AMERICA 


(Dpvotud  uxclusiTuly  to  unginpuring  and 
production  ol  magnutic  iron  corut) 


Laboratories  and  Works 
HatfiRgt-eii-HMdtoii.  N.  Y.  U.  S.  A. 
Cable  Address  "HARAFORD" 
Hastings-on-Hudson,  N.  Y.,  U.S.A. 


No.  501,707.  Luminescent  zinc  sul¬ 
phide  or  zinc-cadmium  sulphide  is  sur¬ 
rounded  during  the  heating  step  in  its 
preparation  by  an  inorganic  salt  mass 
which  contains  as  the  basic  constituent 
zinc  oxide  and,  if  desired,  Na.O,  and  as 
the  acid  constituent  B^O,  and/or  PjO^ 
the  composition  satisfying  conditions 
which  define  the  relation  between  the 
mol.  percentages  of  the  constituents. 
The  salt  mass  exercises  a  protective 
effect  on  the  luminescent  material  and 
increases  the  luminous  efficiency.  In 
one  example,  a  mixture  of  zinc  oxide, 
sodium  carbonate,  boric  acid  and  phos¬ 
phoric  acid  is  heated  in  a  platinum 
basin  for  J  to  1  hour  to  a  temperature 
of  400 — 500°  C.  The  sintered  mass  is 
pulverized  and  heated  in  a  platinum 
crucible  to  1100°  C.  The  vitreous  co¬ 
agulated  mass  is  then  cooled,  pulver¬ 
ized  in  a  steel  mortar  and  sieved.  The 
powder  is  mixed  with  5  grs.  of  a  green- 
luminescent  zinc  sulphide  preparation 
and  heated  to  900°  C.  for  from  5 — 10 
minutes,  stirred  and  poured  onto  a  cold 
plate.  In  the  further  examples  either 
phosphoric  acid,  boric  acid  or  sodium 
carbonate  are  omitted  and  different 
zinc  sulphides  or  zinc  cadmium  sul¬ 
phides  are  combined  with  the  sintered 
salt  masses.  Potassium  carbonate  may 
be  used  in  place  of  sodium  carbonate. 
The  luminescent  mass  so  obtained  may 
be  made  into  advertising  and  decorative 
articles,  or  in  gas  discharge  tubes  in 
which  it  is  melted  onto  the  glass  wall 
of  the  tube  or  an  auxiliary  tube.  Philips. 


No.  852  SUPER  SENSITIVE  TESTER 

39  Range  AC-OC  VOLT-OHM-DECIBEL-MILLIAM- 
METER  including  rangw  of  5000  VaR*  AC-DC.  50 
Mieroamporot.  10  Ampere*  and  40  Megohms.  For 
television,  radio,  industrial  and  laboratory  application. 

20,000  OHMS  per  Volf  D.C. 

•  SEVEN  DC  voltage  ranges  at  20,000  ohms  per  volt: 
0-5;  0-10;  0-50;  0-150;  0-500:  0-1500:  0-5000  volts. 

•  SEVEN  AC  voltage  range*  at  1000  ohms  per  volt: 
0-2.5;  0-10;  0-50;  0-150;  0-500;  0-1500  ;  0-5000  volts. 

•  EIGHT  DC  current  ranges: 

0-50;  0-100  microamperes;  0-1;  0-10;  0-50;  0-150; 
0-500  MA;  0-10  Ampere*. 

•  THREE  RESISTANCE  RANGES: 

L4IW  Ohms — 0-4000  ohms  (35  ohms  center,. 

Medium  Ohms— 0-400.000  ohms. 

High  Ohms — 0-40  megohms. 

All  ohmmeter  ranges  powered  by  self-contained  bat¬ 
tery  supply. 

•  SEVEN  DECIBEL  RANGES  FROM  —12  to  -69  DB. 

•  SEVEN  OUTPUT  RANGES: 

0-2.5  :  0-10  :  0-50  :  0-150  ;  0-500  :  0-1500  ;  0-5000  volts. 

•  METER:  Large  modern  Precision  sguare  meter, 
cobalt  magiut;  accurately  machined  soft  iron  pole 
pieers;  druble  Jeweled  O’Arsonval  type;  50  micro¬ 
amperes  full  scale  eensitivlty. 

•  SHUNTS  AND  METALLIZED  MULTIPLIERS  BOTH 
OF  1%  ACCURACY. 

652P — Walnut  flniehed  hardwood  portable  case,  remov- 
abli  cover  and  tool  compartment.  Size  9  x  10  x  6. 

Net  Price  (Complete  srlth  batteries  and  44 1  OK 
high  voltage  test  leads) .  1.73 


CO-X  is  low-loaa,  iluxibU  coaxial  cable, 
tint  of  its  typo  in  tho  C.  S.,  omploying 
apocially  doaignod  beads  to  provide  SO^o 
oi  air  insulation.  Mode  in  standard  sites 
— Vii".  V*".  and  Vs“  diam. — weatherproof 
covering  optional.  Ideal  for  television, 
short  wave,  aircraft,  marine  and  auto 
antenna.  Folden  on  recuest. 


Special  Typas  to  Ordmr 

CO-X  olso  is  made  to  order  to  your  speci¬ 
fications  as  to  electrical  cnaracteristics  and 
definite  length,  with  pigtoU  leads  for  con¬ 
nections.  Send  us  your  problem — no  obli¬ 
gation. 

Oth»r  B.I.W.  Products  tor 
Eloctronic  Industry 

High-voltage  flexible  cobles 
Heat-resisting  wire 

Interconnecting  ossemblies 
Multi-conductor  instrument  cable 
Flexible  instrument  wire 

High  Q  hookup  wire  •  Shielding 

Resistance  drop  cords 

Power  supply  cable* 


BOSTON  INSULATED  WIRE 
and  CABLE  COMPANY 


PRECISION  APPARATUS  CO. 

647  KENT  AVE.  BROOKLYN,  NEW  YORK 

Export  Division— 458  Broadway,  New  York  City,  U.8.A. 
Cable  Address:  Morhanex 


EttahlUM  iOOS 


Boston,  Massachusetts 


September  1939  —  ELECTRONICS 


NSIDE  OR  OUT! 


No.  501,726.  In  electric  discharge 
tubes  having  fluorescent  screens  as  de¬ 
scribed  in  the  parent  Specification  com¬ 
prising  a  transparent  support  and  a 
fluorescent  material  having  a  layer  of 
metal  with  a  melting  point  greater 
than  1800“  C.  on  the  fluorescent  ma¬ 
terial  or  between  this  and  the  support, 
the  metal  employed  is  rhodium.  The 
rhodium  layer  has  the  advantage  that 
it  does  not  readily  oxidize.  Standard 
Telephones. 


Johnson  Presstire  Condensers  will  bear 
the  closest  scrutiny — fill  the  most  exact¬ 
ing  requirements. 


For  into  them  has  gone  only  the  finest  of  materials, 
each  chosen  for  its  fitness  for  the  port  it  plays; 
in  their  design,  care  and  experience  are  evident 
throughout:  these  combined  with  skillful  work¬ 
manship  and  rigid  inspection  assure  years  of 
reliable  operation. 


N«».  501,741.  The  lumine.scent  prop¬ 
erties  of  materials  which  have  been 
impaired  by  fine  grinding  are  improved 
by  immersion  in  an  easily  volatized 
acid  solution,  and  thereafter  drying  so 
as  to  remove  the  solution.  Screens  so 
treated  are  more  durable  under  electron 
bombardment.  The  concentration  of 
the  solution,  time  of  immersion,  &c.  are 
determined  empirically.  The  particles 
are  ground  small  enough  to  pass 
through  a  screen  of  200  to  400  mesh 
per  inch.  Synthetic  willemitc  (ZniSio, 
Mn),  cadmium  phosphate,  zinc  carbon¬ 
ate,  sulphate,  or  sulphide,  uranyl 
fluoride,  and  calcium  sulphide  are  men¬ 
tioned  as  luminescent  materials;  and 
for  removal  of  the  surface  layer,  solu¬ 
tions  of  carbonic,  nitric,  hydrochloric, 
phosphoric,  or  oxalic  acid,  and  hydro¬ 
gen  sulphide.  Material  so  treated  may 
be  applied  to  a  support  as  by  spraying, 
or  with  a  brush,  or  by  settling  from 
air  or  liquid  suspension;  and  screens  so 
formed  may  be  u.sed  with  X-ray  ap¬ 
paratus,  electron  microscopes,  image 
multipliers,  or  cathode-ray  tubes.  X 
method  of  forming  a  screen  on  a  cath¬ 
ode-ray  tube  is  de.scribed  in  which  the 
particles  are  applied  by  settling  from 
a  suspension  in  an  acid  solution,  so 
that  the  particles  are  treated  at  the 
same  time  as  they  are  applied. 

The  Specification  .states  also  that  an 
alkaline  solution  may  l>e  used  for  re¬ 
moving  the  deleterious  surface  layer, 
for  example  ammonium  hydroxide, 
carbonate,  or  sulphide,  tetramethyl- 
amnionium  hydroxide,  and  ethyl  or 
other  amine.  This  subject-matter  does 
not  appear  in  the  Specification  as  ac¬ 
cepted.  Marconi. 


Shells  are  drawn  in  one  piece  from  heavy  steel,  with¬ 
out  a  seam,  weld,  or  foint  at  any  point.  (A  mounting 
llanqe  is.  ol  course,  arc  welded  externally.)  The  head 
also  is  steel,  assuring  ireedom  from  porosity  not  pos¬ 
sible  with  castings.  Both  head  and  shell  are  heavily 
copper  plated.  Only  three  gaskets  are  under  gas  pres¬ 
sure,  and  these  are  Neoprene.  Pyrex  and  Mycalex 
only  are  used  for  insulation. 


The  unit  illustrated  is  partly  fixed,  partly  variable, 
may  also  be  made  all  fixed  or  all  variable  to  give 
you  exactly  the  rating  you  need  with  space  and  cost 
both  a  minimum.  Variable  condensers  are  aditutable 
while  operating,  through  o  gear  housing  located  at 
the  top. 


Find  out  more  about  tht%o  condensers 
and  other  Johnten  products,  such  os 
co-axial  cables,  antenna  coupling  and 
phasing  equipment,  etc.,  by  writing 
for  catalog  301 D. 


QAAimilD 


No.  ."i02,919,  A  luminescent  screen  is 
manufactured  by  treating  luminiscent 
*inc  .sulphide  and/or  zinc-cadmium  sul¬ 
phide  with  a  substantially  colourless 
solution  of  an  alkaline  silicate  and  dry¬ 
ing  the  said  solution  so  that  the  residue 
of  the  dried  solution  is  intimately 
mixed  with  at  least  the  superficial  layer 
of  the  lumine.scent  material.  In  one 
proce.ss,  the  finely  divided  material  is 
dusteci  on  to  cardboard  or  glass  which 
bas  been  well  wetted  with  aqueous 
potassium  silicate  solution  of  specific 
gravity  about  1.3,  the  water  being  al¬ 
lowed  to  evaporate.  In  the  second 
process,  the  material  is  dusted  on  to  a 
layer  of  organic  varnish  and  after- 
'Wards  painted  with  the  aqueous  solu¬ 
tion  of  potassium  silicate.  The  pow¬ 
ered  material  may  also  be  suspended 
•n  the  potassium  silicate  solution  and 
fPplied  to  the  support.  Self-support¬ 
ing  blocks  may  also  be  made  by  drying 


'fit  CATAlOG 


Model  230  A-C  Bridge  eliminates  time  wasted  in 
calculating  measured  leakage  per  mf.  In  addi¬ 
tion,  the  voltage  method  of  determining  leakage 
avoids  hazard  of  placing  a  milliammeter  in 
high-voltage  circuits.  Applies  up  to  530  polariz¬ 
ing  volts.  Leakage  or  insulation-resistance  tests 
are  performed  simultaneously  with  capacity 
measurement.  No  switch  resetting  or  flash  count¬ 
ing.  Range— 2  mmf.-200  mf.,  2  ohms-20  megs. 
Leak.-and-Ins.  Res.— 0-2500  megs.  Elect.  P.  F. — 
0-50%.  Paper  P.  F. — 0-.5%.  Trans.  Turns  Ratios 
— .01-100.  Write  for  complete  data.  ^37.50. 
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McGRAW-HIll  PUBIISHING  CO 


a  paste  of  the  powdered  material  and 
potassium  silicate  solution.  G.E.  Co. 


THE  STANDARDS  •  FERRIS  INSTRUMENTS 


No.  503,082.  An  electric  incandescent 
lamp  with  a  metal  hlament  has  a  bulb 
of  transparent  or  translucent  material 
which  is  provided  with  a  coating  of 
luminescent  material  adapted  to  be 
excited  by  radiations  from  the  filament 
of  not  less  than  3,200  Angstrom  units 
to  transform  these  radiations  into  vis¬ 
ible  radiations.  The  material  of  the 
bulb  determines  whether  the  lumines¬ 
cent  material  is  applied  to  the  inside 
or  outside  thereof,  e.g.  if  the  bulb  is 
opaque  to  ultra-violet  radiations  the 
luminescent  material  is  applied  to  the 
inside  surface.  In  the  case  of  a  quartz 
bulb  the  luminescent  material  may  be 
applied  to  the  inside  or  outside,  or  both 
inside  and  outside.  The  luminescent 
effect  is  increased  if  the  size  of  the 
bulb  is  greater  than  that  used  for 
ordinary  nitrogen-argon  filled  lamps  of 
the  same  w'attage,  the  diameter  of  the 
bulb  being  about  li  to  2  times  the  di¬ 
ameter  of  the  ordinary  lamp.  Siemens. 


Signal  Generators  •  Radio  Noise  Meter  •  16C  Precision  Standard 


brator 

Meter 


dilator 


14C  Laboratory  Standard 
22A  General  Purpose 
20 A1  Production  Testing 
18B  Ultra  High  Frequency 


No.  503,616.  The  envelope  of  an  elec¬ 
tric  discharge  tube  is  provided  with  a 
coating  of  particles  of  luminescent  ma¬ 
terial  bonded  to  the  surface  by  a  ma¬ 
terial  including  an  alkaline  silicate  and 
the  coating  is  then  treated  with  an 
ammonium  salt,  preferably  ammonium 
chloride.  The  luminescent  material  may 
comprise  sharp  edged  particles  and  is 
preferably  sufficiently  fine  to  pass 
through  a  200  mesh  sieve.  The  ma¬ 
terial  may  be  applied  by  coating  the 
interior  of  the  envelope  wdth  the  bond¬ 
ing  medium  and  applying  the  material 
thereto  or  by  applying  an  emulsion  of 
particles  and  bonding  medium  to  the 
envelope,  the  latter  being  subsequently 
heated.  The  emulsion  may  be  applied 
by  spraying  or  centrifugal  action.  In 
examples:  (1)  infusorial  or  diatoma- 
ceous  earth  is  mixed  with  zinc  oxide 
and  a  manganese  salt,  as  activator, 
ground,  heated  to  1000 — 1250®  C., 

crushed,  and  sieved.  The  envelope, 
which  may  be  clear  or  frosted  inter¬ 
nally,  is  coated  internally  with  a  solu¬ 
tion  of  an  alkaline  silicate  to  which 
alkaline  borates  or  tungstates  may  be 
added  and  the  powdered  material 
sprayed  or  blown  thereon.  The  tubes 
are  then  allowed  to  dry  and  baked; 

(2)  material  prepared  as  above  is 
mixed  with  the  liquid  bonding  ma¬ 
terial  and  sprayed  on  the  tube;  and 

(3)  the  emulsion  as  prepared  above  is 
applied  to  the  tube  by  centrifugal  ac¬ 
tion.  In  all  cases  the  coating  is  treated 
after  baking  with  a  hot  concentrated 
solution  of  ammonium  chloride.  The 
tubes  may  be  used  for  gas  discharges, 
e.g.  by  using  a  filling  of  helium,  neon, 
or  argon  and  mercury.  In  place  of 
manganese  salts,  the  salts  of  cerium, 
vanadium  or  uranium  may  be  used  as 
activators.  C.  A.  Laise. 


f^'rite  for  bulletins  for 
complete  details 


FERRIS  INSTRUMENT  CORPORATION 

BOONTON.  NEW  JERSEY 


Many  stations  find  this  exact  measuring  serv- 
ice  of  great  value  for  routine  observation  of 
transmitter  performance  and  for  accurately 
calibrating  their  own  monitors. 

MEASUREMENTS  WHEN  YOU  NEED  THEM  MOST 
at  any  hour  every  day  in  the  year 

R.C.A.  COMMUNICATIONS,  Inc. 

Commercial  Dept. 

A  RADIO  CORPORATION  OP  AMERICA  SERVICE 

6  BROAD  STREET  NEW  YORK,  N.  Y 


What  Fields  Do  Yee  Want  to  Reach? 


ATiotion 

Bus  &  Electric  Railways 
CiTil  Enqiaeerinq  and  Construction 
Administrativo  Exocutiros 

Electrical  Dealers  &  Wholesalers 
Mill  Supply  Houses 
Power  Services 

Product  Enqineerinq  &  Desiqn 
Production  and  Maintenance 
Radio  Dealers  &  Wholesalers 
Radio  Enqineerinq  &  Desiqn 

For  further^  detellt,  lelectloni  from 
above  basic  classlficationt,  counts, 
prices,  etc.,  or  estimates  on  special  lists 
.  .  .  ask  any  representative  or  write  to 


As  btisiness  paper  pub- 
Ushers  for  over  fifty 

years,  McGraw-KU  is  uniquely  equipped  to 
offer  complete,  authoritative  direct  mail  cov- 
eraqe  of  Industry's  major  markets.  Extreme 
accuracy  is  maintained  (quaranteed  to  98%) 
and  throuqh  careful  analysis  of  markets, 
complete  clossification  of  companies  and  per¬ 
sonnel,  etc.,  the  widest  possible  selections 
are  available.  Send  for  handy  reference 
folder,  "Hundreds  of  Thousands  of  Reasons 
Why"  which  describes  how  McGrtrw-HUl  Lists 
are  buUt  and  maintained. 


No.  503,769.  In  preparing  a  lumi¬ 
nescent  powder,  calcium  sulphide  and/ 
or  its  oxidation  products  is,  or  are, 
subjected  to  a  succession  of  alternate 
oxidation  and  reduction  processes.  A 


Conslfte  Listi  Covering  Induitry’t  Major  Marketa 
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New 

The  Library  now 
compritet  a  ra- 
▼iaed  lelection  of 
books  culled  from 
leadini  McGraw- 
Hill  publicatiofia 
ill  the  radio  field. 


McGraw-Hill 

RADIO 

ENGINEERING 

LIRRARY 

—  especially  selected  by  radio  specialists  of 
McGraw-Hill  publications 

—  to  give  most  complete,  dependable  cov¬ 
erage  of  facts  needed  by  all  whose  6elds 
are  grounded  on  radio  fundamentals. 

—  available  at  a  special  price  and  terms 

These  books  cover  circuit  phenomena,  tube 
theory,  networks,  measurements,  and  other 
subjects — alve  specialized  treatment  of  all 
fields  of  practical  dealan  and  application. 
They  are  books  of  recoanlzed  position  In  the 
literature— books  you  will  refer  to  and  be 
referred  to  often.  If  you  are  a  researcher 
or  experimenter — If  your  Interest  In  radio  Is 
deep-set  and  baaed  on  a  real  desire  to  go 
further  In  this  field — you  want  these  books 
for  the  help  they  give  In  hundreds  of  prob¬ 
lems  throuKhout  the  whole  field  of  radio 
enslneerina. 

5  volumes  3319  pages,  2298  illustrations 

1.  Eastman’s  FUNDAMENTALS  OF 

VACUUM  TUBES 

2.  Tcrman’s  RADIO  ENGINEERING 

3.  Everitt’i  COMMUNICATION  ENGI¬ 

NEERING 

4.  Hund’s  HIGH-FREQUENCY  MEAS¬ 

UREMENTS 

5.  Henney’s  RADIO  ENGINEERING 

HANDBOOK 

Special  Low  Price  and  Easy  Terms 

Bought  singly,  the  five  volumes  comprising 
this  library  would  cost  you  S24.50.  Under 
this  offer  you  save  12.50  and.  In  addition, 
have  the  privilege  of  paying  In  easy  Install- 
nients  beginning  with  $2.50,  10  days  after 
receipt  of  the  books,  and  13.00  monthly  there¬ 
after.  Already  these  books  are  recognized  as 
•tandard  works  that  you  are  bound  to  require 
woner  or  later.  Take  advantage  of  these  con¬ 
venient  terms  to  add  them  to  your  library  now. 

send  this  on  approvai.  coupon 


Mt6ra.  Hill  Book  Co..  Ine. 

MO  W.  42nd  8t..  New  York.  N.  Y. 


(  *12*  ^5  McOraw-Ulll  Radio  Englneerlnz  Library 

5.1.“,'  .r.  days'  examination  on  approval.  In  10 

L  "  U.  >2,50.  plus  few  cents  poatase.  and 
Sis  till  >23.50  Is  paid,  or  return  books  post- 

MoV,  postage  on  orders  accompanied  by 

NBUtUoce  of  first  Insullment.) 


Name 


iddres..  . 

Qty  and  .State  . . 

PwlUor.  . 

. . 

*“ht  on  approval  In  U.  8.  and  r«»n,^i»  OBly.) 


solid  solution  of  calcium  sulphide  and 
calcium  sulphate  is  obtained  by  ignit¬ 
ing  a  mixture  of  calcium  oxide,  sul¬ 
phur,  an  activator  such  as  a  copper 
salt,  an  alkali  sulphite,  a  carbohydrate 
such  as  cane  sugar,  and,  if  necessary, 
calcium  sulphate  or  by  heating  the 
same  mixture  to  900°  C.  in  an  atmos¬ 
phere  of  hydrogen.  The  oxidation  of ! 
the  solid  solution  so  formed  is  achieved 
by  heating  it  in  an  oxidizing  atmos-  ; 
phere  or  with  an  oxidizing  compound  ' 
such  as  potassium  nitrate.  The  flux 
may  be  potassium  metabisulphite,  so¬ 
dium  sulphite  or  sodium  thiosulphate 
and  the  activator  salt,  copper  sulphate. 

I  Zinc  sulphide  and  magnesium  chloride 
may  be  added  to  the  powder  to  increase 
the  luminescent  efficiency.  The  final 
mass  is  heated  in  air  at  600°  C.  al¬ 
though  the  actual  process  at  which  the 
reactions  are  stopped  is  such  that  the 
quantity  of  calcium  sulphide  shall  not 
be  greater  than  the  quantity  of  calcium 
sulphate.  The  final  product  is  pow- 
I  dered  and  either  blown  onto  an  ad- 
I  hesive  on  the  surface  of  the  screen,  or 
mixed  with  a  liquid  adhesive  and  ap- 
1  plied  to  the  screen.  Siemens. 


No.  .504,3.^4.  An  electrical  gas-dis¬ 
charge  device  incorporates  luminescent 
magnesium-cadmium  tungstate  excited 
by  the  discharge.  Discoloration  and 
loss  of  efficiency  of  the  tungstate  can 
be  prevented  by  mixing  the  tungstate 
with  free  magnesium  oxide  or  free 
cadmium  oxide  or  both.  In  one  method  ' 
of  preparing  the  luminescent  material, 
a  mixture  of  1  mol.  CdO  and  2  mols. 
WOi  is  heated  to  1000°  C.  for  one  hour 
in  an  oxidizing  atmosphere  and  is  then 
ground  and  mixed  with  1.1  mol.  MgO  I 
and  heated  to  11.50°  C.  for  1  hour  or  | 
longer  until  coloration  is  absent.  The  ' 
product  is  then  ground  with  0.1  mol. 

;  MgO  and  is  not  subsequently  heated  to  , 
any  temperature  approaching  1000°  C. , 
so  that  the  added  MgO  remains  free. 
In  another  method  of  preparing  the ' 

!  luminescent  material  0.1  mol.  of  CdO 
in  the  form  of  a  solution  of  Cd(NOj)j 
or  CdSO,  is  added  to  MgWO,  prepared 
'  by  the  method  described  in  Specifica¬ 
tion  469,732  from  a  mixture  of  1  mol.  i 
MgO  and  1  mol.  WO3.  The  mixture  is  j 
dried  at  200°  C.,  reground  and  heated  ' 
in  air  at  1150°  C.  for  1  hour.  .4  small  1 
j  amount  of  lead  may  be  added  as  de-  ! 
!  scribed  in  Specification  469,732.  The  j 
I  magnesium-cadmium  tungstate  is  pref- 1 
j  erably  within  the  envelope  in  the  case  ’ 
!  of  a  low-pressure  mercury  discharge,  j 
The  electrodes  may  be  cold  or  thermi- 1 
I  onic.  In  the  case  of  a  high-pressure  ’ 
j  mercury  discharge,  the  tungstate  is  | 
I  outside  the  envelope  and  much  cooler  i 
than  the  envelope  which  is  of  quartz  I 
or  other  material  whose  transparency  j 
to  ultra-violet  light  resembles  quartz. 
The  tungstate  may  be  associated  with 
zinc-beryllium  silicate  or  the  chloro- 
I  phosphate  described  in  Specification 
;  495,706,  which  provide  red  light  in 
!  which  the  mercury  spectrum  is  de- 
!  ficient.  The  discharge  may  be  through 
neon  or  a  mixture  of  neon  with  a 
'  small  amount  of  heavier  rare  gases; 
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TYPE  892  SIX  POSITION 


BAND  SWITCH 


•  Will  Handle  1  kw  Power 


•  Versatile  Application 

•  Nickel  Silver  Contacts 


•  Alsimag  Insulation 

•  Low  Loss  —  Reliable 


•  Rating  at  1  me: 

'15  Amps.  4000  Volts 

WRITE  FOR  DATA 


LEACH  (LR)  relays 


POSITIVE 

PROTECTION 


For  Your  Power  Tubes.  These  light 
duty  overload  trip  relays  have  a  wide 
field  of  use  as  safety  devices  on  elec¬ 
tronic  apparatus.  Operation  is  un¬ 
usually  deF>endable.  Scores  of  nation¬ 
ally  known  concerns  rely  on  Leach 
Relays  for  protection. 


Leach  Relay  Company 

5915  Avalon  Boulevard,  .••*** 

Los  Angeles,  Calif. 

--i.- 


,zt>- 


cocrow 


cot®®*’’ 


Z44t«®* 
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EMPLOYMENT  :  BUSINESS  !  OPPORTUNITIES  :  EQUIPMENT  — USED  or  RESALE 


ONDISPLAYED  KATE: 

10  cent*  a  word,  minimum  charge  $2.00. 

Poatfion  Wanted:  (full  or  part-time  Balarie<l 
employment  only),  H  tbe  abore  rates, 
payable  in  advance. 

Propotalt,  40  cents  a  line  an  insertion. 


INFORMATION : 

Box  Xumbere  In  care  of  our  New  York. 
Obicago.  or  San  Francisco  oIBces  count 
10  wortls  additional  in  undisplayed  ads. 
Replies  forwarded  without  extra  charge. 
Discount  of  10%  if  full  payment  is  made 
in  advance  for  four  consecutive  insertions 
of  undisplaj-ed  ads  (not  including  pro¬ 
posals). 


Copy  for  new  advertiaements  must  be  received  by  September  29th 


DISPLAYED— RATE  PER  INCH: 

The  advertising  rate  is  $6.00  per  inch  for  all 
advertising  appearing  on  otlier  than  a  con¬ 
tract  basis.  Contract  rates  quoted  on  request. 

An  advertising  (nek  is  measure<i  verti¬ 
cally  on  one  column.  3  columns — 30  inches 
— to  a  page, 
for  the  October  Issue 


POSITIONS  VACANT 


PRODUCTION  MANAGER.  Must  be  familiar 
with  all  modern  shop  methods,  preferably 
one  having  served  as  practical  machinist  in 
manufacture  and  assembly  of  small  parts. 
Must  be  capable  of  managing  small  shop  pro¬ 
ducing  switches,  relays  and  specially  designed 
and  constructed  electrical  parts.  Radio  experi¬ 
ence  desirable.  Actual  service  with  manufac¬ 
turer  of  equipment  over  a  period  of  approxi¬ 
mately  ten  years  considered  necessary  to 
properly  fill  this  position  which  is  permanent. 
P-214.  Electronics,  330  W.  42nd  St.,  New  York, 
N.  Y. 


POSITIONS  WANTED 

RADIO  SCHOOL  GRADUATE,  age  thirty, 
telegraph  and  telephone  licenses,  desires 
connection  with  either  Broadcast  or  other 
service.  Copy  on  mill.  Ten  years  amateur  op¬ 
erating.  Go  anywhere.  Edward  Dodge.  Box  44. 
Manchester,  Mass. 


RADIO  ENGINEER,  now  employed  by  Latin 
American  radio  manufacturer,  wants  change 
for  the  better.  Speaks  Spanish.  Would  like 
employment  as  practical  field  engineer  or  .-lales 
en^neer.  Free  to  go  anywhere.  Experienced, 
all  types  so,und  equipment,  radio  receivers, 
communications,  recording  equipment.  Several 
years  experience  in  various  branches  of  the 
industry  in  the  U.  S.  American,  single,  age 
26.  PW-215.  Electronics.  330  W.  42nd  St.. 

New  York,  N.  Y. 


RADIO  ENGINEER,  age  35 — 5  years  at  ampli¬ 
fier  and  speaker  design.  Qualifications  neces¬ 
sary  for  position  as  Chief  Engineer,  pos.sess 
sales  ability.  L.  J.  Fox,  605  Main  St.,  Buffalo, 
N.  Y. 


TEHNICALLY  TRAINED  young  man  desires 
the  opportunity  to  become  an  asset  to  your 
company  in  the  radio,  facsimile,  or  telephone 
industry.  Can  offer  you  telephone  equipment 
installation,  photography  experience,  and  am¬ 
bition.  Radio  Engineering  degree  193T. 
PW-216,  Electronics,  520  N.  Michigan  Ave., 
Chicago.  Ill. 


Are  You  Trying  to 
KEEP  or  IMPROVE  Your  Job 

Insure  Your  Future  with  C.R.E.I. 
Hone-Study  Training  in  Practical 

RADIO  &  TELEVISION 
ENGINEERING 

W  Plenty  of  “pretty  good”  radiomen, 
but  new  developments  in  radio  and 
television  have  put  a  real  value  on 
men  with  ability.  CREI  technical 
training  can  help  you  improve  your 
knowledge  and  prepare  for  the  big 
jobs  and  big  salaries  that  go  with 
them.  Writing  for  complete  details 
will  not  put  you  under  r— 
any  obligation.  /  1 

Just  Off  fh«  Pr«fi  /  I 

-Veto  48-pagc  illustrated  _  I 

booklet  "A  Tested  Plan 

■for  a  Future  in  Radio 

and  Television”.  Write 

for  your  copy  today. 


HIGH  GRADE  USED 

ELECTRON  TUBE  MACHINERY 

Huge  Stock  of  Ererg  Type  and  Varirtg 

KAHLE  ENGINEERING  CORPORATION 

Specialists  in  Diuipment  for  the  .Maiiutacture  of 
Neon  Tubes,  Radio  Tubes,  Incandescent  l«ni|«. 
Photo  Cells.  X-ray  Tubes,  etc. 

900  IVMott  St..  North  Bergen.  N.  J. 


II  K  P  E  D  A  II  I.  E 

Used 

I  ELECTRONIC  TUBE  EQUIPMENT 

I  A  complete  line  of  used  equipment  for  the  manii- 
I  facture  of  Radio  Tubes,  Neon  Tubes,  lncand<s4-ent 
Lamps,  etc. 

Write  for  Bulletin  showinx  sarings  from  2T,  to  TS'V 

EISLER  ELEf^TRIC  CORE. 

534  39th  Street.  Union  City.  N.  J. 


DUMONT  OSCILLOGRAPH  I 

Used  only  a  few  times.  Type  158 — I’nlt  • 
144 — 5”  screen,  complete  with  Electroni'-  j 
switch  I 

.1  real  bargnin 

Elsbert  Manufacturing  CO.,  Inc.  | 

3.53  West  t.nind  .-Vvenue,  f'hiragi*.  Illinois 


THESE  ADVERTISEMENTS 

constitute  a  comprehensive  group 
of  "live"  opportunities  in  the  in¬ 
dustry  served  by  this  paper. 

Each  announcement  represents 
e  current  Went  of  e  concern  or 
individual  in  the  industry  with 
some  element  of  profit  in  each 
for  whoever  can  fulfil  the  need. 
Some  have  money-saving  possibili¬ 
ties,  others  are  opportunities  for 
more  business;  many  are  employ¬ 
ment  opportunities  while  still 
others  otter  chances  to  buy  going 
businesses,  plants,  property,  etc. 

"Searchlight"  advertisements 
ere  constantly  changing.  New  op¬ 
portunities  find  their  way  into  this 
great  Want  medium  each  issue. 
Regular  consultation  of  the 
"Searchlight"  pages  should  be  as 
important  to  the  careful  reader 
as  reading  editorial  articles  of  his 
particular  liking.  One  is  news  of 
the  industry,  the  other,  the  NEWS 
OF  OPPORTUNITIES  being  ot¬ 
tered  in  the  industry. 

For  Every  Business  Want 

“Think  SEARCHLIGHT  First" 


EXPERIENCED  RESEARCH  and  Develop¬ 
ment  Technician  and  Radio  Field  Service 
Engineer,  Age  32,  single,  B.S.  degree  Elec.  ^ 
Engr.,  First  Clas.s  Radiotelephone  License, 
offers  services  to  Radio  or  Electrical  Comp.any  i 
as  Communication,  Development  and  Research  ' 
or  Service  Engineer.  'Will  travel.  P\V'-217,  ! 
Electronics.  330  W'.  42nd  St.,  New  York,  N.  Y.  ! 


Complete  100%  Modulated  2  KtV  Transmitter 
including  Oven  for  4  crystals,  microphone  to 
antenna  equipment,  10  KW  60  cycle  115  V 
Generator,  Howard  438  receiver.  Will  sell  part 
or  whole  equipment  cheap.  Electronic  Trans¬ 
former  Co.,  135  Liberty  St.,  New  York,  Rector 
2-9788. 


Radio— Coil — Factory,  fully  equipped  for  sale. 

FS-218,  Electronics,  330  W.  42nd  St..  New 
York,  N.  Y. 


WANTED 


ANYTHING  Within  reason  that  is  wanted  In 
the  field  served  by  Electronics  can  bo 
quickly  located  through  bringing  it  to  the 
attention  of  thousands  of  men  whose  interest 
is  assured  because  this  is  the  business  paper 
they  read. 

Don  t  Forget  the 

Box  Number 


HEN  answering  the  classified  adver- 
”  tiaements  in  this  magaxine,  don't 
forget  to  put  the  box  number  on  your 
envelnpe.  It’s  our  only  means  of  identi¬ 
fying  the  advertisement  yon  are  answer- 
ing. 


I  KISI.KR  KNGINKKRINO  CO. 

:  751  So.  13  St.  (near  Avon  Avc.)  ..  Nowsrk,  N.  J 


WE  HAVE  IT! 
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We  carry  a  tremendous  stock  of 
radio  equipment  for  broadcast 
stations,  engineers,  laboratories 
and  industrial  companies.  If 
you're  ever  in  a  hurry  .  .  .  Just 
call,  write  or  wire  to  Sun  Radio. 


Ask  for  new  catalog 


ATTENTION  ENGINEERS! 


While  in  New  York  we  invite  you 
to  drop  in  and  look  around.  You 
will  soe  the  latest  in  radio  ap¬ 
paratus. 


RADIO  CO. 


212  Fulton  Street,  New  York,  N.  T 


CAPITOL  RADIO 

ENGINEERING  INSTITUTE 

DEPT.  E-9.  3224-I6TH  ST.  N.W.,  WASH..  D.  C. 


acius''"-'*' 


the  magnesium-cadmium  tungstate  may 
then  be  used  instead  of  calcium  tung¬ 
state.  G.E.  Co. 


Patent  Suits 

1,507,01R,  L.  De  Forest,  Radiosig¬ 
naling  system;  1,507,017,  same.  Wire¬ 
less  telegraph  and  telephone  system, 
I).  C.,  S.  D.  Calif.,  C.  Div.,  Doc.  Eq.- 
13.32-RJ,  Western  Electric  Co.,  Inc.,  et 
al  V.  liristow  &  Co.  et  al.  Consent 
decree  holding  patents  valid  and  in¬ 
fringed  Feb.  28,  1938.  Doc.  141  C.  Civ., 
Western  Electric  Co.,  Inc.,  et  al  v. 
Alexander  Hirsch  (Radio  Television  j 
Supply  Co.).  Decree  in  favor  of  plain-  ■ 
tiffs,  injunction  Apr.  7,  1939. 

1,1517,240,  R.  A.  Fessenden,  Methods 
for  wireless  directive  signaling;  1,617,- 
242,  same.  Wireless  transmission  and 
reception,  C.  C.  A.,  3d  Cir.,  Doc.  6850, 

II.  .M.  Fessenden  V.  R.  C.  A.  Lower 
court  affirmed  Apr.  13,  1939. 

1,800,719,  S.  S.  Cramer,  Electrical 
condenser,  D.  C.,  S.  D.  N.  Y.,  Doc.  E 
86-136,  Condenser  Development  Corp. 
v.  Davega-City  Radio,  Inc.  Interlocu¬ 
tory  decree  favor  of  plaintiff,  patent 
valid  and  infringed;  injunction.  (Notice  ; 
Dec.  8,  1937.)  ' 

2,002,236,  R.  I.  Wilcox,  Automatic 
phonograph;  1,362,972,  R.  E.  Utley, 
Phonograph,  D.  C.,  N.  D.  Ill.,  Rudolph 
Wurlitzer  Manufacturing  Co.  v.  Rock- 
Ola  Manufacturing  Co.  Dismissed  with¬ 
out  prejudice  Dec.  5,  1938. 

1,887,380,  W.  J.  Polydoroff,  Process 
and  apparatus  for  standardizing  mag¬ 
netic  cores;  1,940,228,  same.  Radio 
amplifying  circuits;  1,978,568,  Crossley 
&  Neighbors,  High  frequency  induct¬ 
ance;  1,978,599,  same.  Variable  induct¬ 
ance  device;  1,978,600,  same.  Permea¬ 
bility-tuned  resonant  circuit;  1,982,689, 
same.  Magnetic  core  material;  1,982,- 
690,  same.  Selective  radio  circuit  (suit 
for  declaratory  judgment),  D.  C.,  N.  D. 

III. ,  E.  Div.,  Doc.  14438,  Ferrocart 
Corp.  of  America  v.  V.  S.  .lohnson 
et  al.  Claim  38  of  1,982,690  held  valid 
and  infringed;  claim  5  of  1,978,568, 
and  claims  1  to  4  inclusive,  58,  74,  75, 
and  76  of  1,982,689  held  invalid;  1,887,- 
380,  1,940,228,  1,978,599,  and  1,978,600 
held  not  infringed.  Counterclaim  dis- 
mis.sed  as  to  claim  5  of  1,978,568,  and 
claims  1  to  4,  58,  74,  75,  76  of  1,982,- 
689,  and  sustained  as  to  claim  38  of 
1,982,690,  Aug.  7,  1936.  Mandate  of 
C.  C.  A.  reversing  decree  of  district 
court  as  to  finding  of  validity  and  in¬ 
fringement  of  1,982,690  Dec.  9,  1938. 
Decree  of  district  court  entered  Dec. 
13,  1938,  pursuant  to  mandate. 

1,978,568,  Crossley  &  Neighbors, 
High  frequency  inductance;  1,982,690, 
W\  J.  Polydoroff,  Selective  radio  cir¬ 
cuit,  D.  C.,  N.  D.  Ill.,  E.  Div.,  Doc. 
14342,  Johnson  Laboratories,  Inc.  v. 
Meissner  Mfg.  Co.  et  al.  Claim  5  of 
1,978,568  held  invalid;  claim  38  of 
1,982,690  held  valid  Aug.  7,  1936.  Man¬ 
date  of  C.  C.  A.  reversed  decree  of  dis¬ 
trict  court  in  so  far  as  it  found  1,982,- 
690  valid;  affirmed  in  other  particulars 
Sept.  9,  1938.  Order  of  district  court 
dismissed  bill  pursuant  to  mandate 
Dec.  13,  1938. 


DRAKE  Pilot  Lijiht  Assemblies 
are  widely  known  for  their  de- 
pendability.  Leading  engineers  and 
oianufacrurers  of  radios,  airplane 
instrument  panels,  and  elearical 
appliances  specify  DRAKE  prod-  i 

uas  exclusively.  Extremely  ef-  w  -j 

ficieni  large  scale  production  '  :t 

coupled  with  finest  materials  and  LLH.- 

thorough  inspection  assures  uni- 
form  quality  and  moderate  cost.  ^ 

Standard  units  are  available  in  a  great  variety 
of  styles  and  sizes.  Special  designs  can  be 
developed  for  any  need.  Vf'rite  today  for 
samples  and  prices,  or  ask  for  the  cooperation  of 
our  engineers  on  your  pilot  light  problems. 

SEND  FOR  FREE  CATAL06 


PLUGS  — SOCKETS 

TERMINAL  PANELS.  ETC. 


IndividuciUy 


There  are  no  class  distinctions 
among  AEROVOX  condensers  when  it 
comes  to  routine  factory  inspection  and 
test.  The  ten-dollar  X-mitting  condenser 
and  the  ten-cent  by-pass  tubular  are 
treated  alike  in  safeguarding  the  good 
name  of  AEROVOX. 

With  on  experience  second  to  none  in 
mass-production  of  quality  condensers. 
AEROVOX  still  prefers  to  test  each 
unit  indiridually.  Only  in  this  way 
con  your  servicing  and  assemblies  be 
insured  against  condenser  gambles. 


A  new  edition  is  now  reody.  Ask  your 
local  Jobber  for  a  copy.  Or  write  us  di¬ 
rect — for  the  new  catalog  and  a  sample 
issue  of  our  monthly  "Research  Worker". 


hundreds  of  standard  items 

OR  SFECIALS  TO  YOUR  SLUE- 

frints. 

WRITE  FOR  BULLETINS. 

doward  B.  doms 

2300  Wnbaneia  Avenne 
CHICAGO  ILL. 


J  CORPORATION 

NEW  BEDFORD.  MASS 


electronics  —  September  1939 


DRAKE  MANUFACTUR 

1713  W.  HUBBARD  ST.  •  CHIC 

JNG  CO. 

;ago.  u.  s.  a. 

Pictures  by 
Wire 


(Continued  from  page  15) 


coupled  to  the  telephone  line  by 
means  of  coupling  coils  which  are 
strapped  on  the  bell  box  so  as  to  be 
in  line  with  the  coils  within  the  box. 
The  cylinders  and  scanning  heads 
are  driven  by  a  synchronous  motor 
in  each  unit  so  as  to  rotate  at  speeds 
very  close  to  each  other.  The  motors 
are  controlled  by  tuning  forks  which 
operate  in  constant  temperature 
ovens.  The  receiving  cylinder  nor¬ 
mally  rotates  very  slightly  faster 
than  the  transmitting  cylinder  and 
at  the  end  of  each  revolution  is 
stopped  instantaneously  until  the 
other  cylinder  catches  up  with  it  by 
means  of  cams  and  switches  on  each 
drum  and  a  transmitted  signal  for 
the  purpose.  The  exposure  of  the 
negative  film  is  controlled  by  the  use 
of  a  constant  intensity  light  source, 
the  beam  from  which  is  reflected  by 
a  galvanometer  mirror  which  vi¬ 
brates  according  to  the  variations  of 
the  picture  signal,  thru  a  small  open¬ 
ing  to  the  film.  The  greater  the  de¬ 
flection  of  the  mirror,  the  less  the 
exposure  of  the  film.  As  the  deflec¬ 
tion  of  the  mirror  increases,  the 
amount  of  exposure  decreases. 

In  the  International  News  Photo 
system  the  transmitter  and  receiver 
are  combined  into  one  instrument 
The  operation  may  be  changed  from 
transmitting  to  receiving,  or  vice 
versa,  by  throwing  one  switch  on  the 
scanning  head.  Also,  this  unit  is 
small  enough  and  light  enough  to  be 
used  as  a  portable  instrument.  The 
experience  of  this  organization  indi¬ 
cates  that  power  lines  are  available 
wherever  there  is  a  telephone  and  so 
has  built  its  equipment  to  operate 
from  110  volts  ac  or  dc.  The  carrier 
frequency  used  is  1,800  cps  and  in¬ 
stead  of  the  picture  signal  modulat¬ 
ing  the  carrier,  the  carrier  fre¬ 
quency  is  used  to  interrupt  the  beam 
from  the  light  source  so  that  the 
phototube  picks  up  the  modulated 
signal  from  the  picture  and  it  is  then 
ready  for  amplification  and  trans¬ 
mission. 

Synchronization  is  obtained  by  the 
use  of  a  series  of  pulses  at  the  be¬ 
ginning  of  each  transmission  and  is 
maintained  by  the  synchronous  mo- 


B-L  RECTIFIERS 


tor  Aircraft, Police,  Marine  Radio 

^  Rotary 

©Converters 

to  change 
D.C.  to  A.C. 

Utilite 

Plant 

generate  A.C. 

Write  for  Data  or  D.C. 


CHANGE  AC  TO  DC 
WITHOUT  MOVING 
PARTS.  GLASS  BULBS. 
LIQUIDS.  OR  SPARK¬ 
ING  CONTACTS. 

DRY— DURABLE 
COMPACT— ECONOMICAL 
SPECIAL  RECTIFIERS 
AND 

COMPLETE  ASSEMBLIES 


517  S.  LoRiii  Sf..  Chicoi 


We  maniifacture  a  complete  line  of  equipment 

axivwi  tirE«T  rwD <9  . A  -  "  ■ 


electric,  from  U  to  500  KVA 
special  and  standard  types 
Lamp  manutacturlnc  equipment 
RADIO  TUBES,  e:  riy.  csthc"’"  —  . 

ELECTROMC  EQUIPMENT. 

"‘"o  iu«uuiM;iuriQa  equipment 
qiASS  worUnc  madilnes  and  burners 
COLI^^  OT^S  worklna  units  for  students  and  laboratory 
•ni  s-  !,«.*« *"?**  KNOINEERIMO  COMPANY 


ex-ray.  Mthode  ray.  photo  cells 

™NT.  Tacuum  pumps,  etc.  ertnar 
rod  and  wire  manufacturlns  equipment 


Newark.  New  Jersey 


VACUUM  TUBES  AND 
ELECTRONIC  DEVICES 

Industrial  control  and  circuit  problems. 
Design.  Development  and  Construction  of 
tubes  and  circuits. 

VACUTRON,  INC. 

20  West  22  St.  New  York,  N.  Y. 


MICROMETER 

_  _  checking 

FREQUENCY transmitters, 
sirveB  1-5  to  56  me., 

MKIKK  within  0.01  per  cent. 

LAMPKIN  LABORATORIES 

—  Brsdenton.  FIs..  U.  8.  A. — 


FINE  RIBBONS 

ml  Tangstem,  M^lybdeauMi  and 
Special  Alloys 

To  your  specifications 

H.  CROSS 

IB  BBEKMAN  8T.  NEW  YORK 


ACTONE  Shadowgraphed  Needles 

aivs  (rus  rsproduction  bscauts  thsy 
^  form-fit  rscord  groovss.  Protect  ex¬ 
pensive  recordings.  Use  Acton# 
shadowgraphed  perfect  point  needles 
tor  all  raproductions. 

Write  for  Sample* 

H.  W.  ACTON  CO..  Inc..  370  7th  Avs..  New  York 


ELECTRON  TUBE  PARTS 


.  UNIVERSAL  I5MM.  "Streamliner'' 
a  Highest  quality  sound  iilckup  for 
■  i  p.  s.  recording  and  amateur.  Crys- 
If  tal  or  dynamic  In  any  Impedance. 
r  Modem  in  design.  Incl.  loop,  flex 
tube,  screw  plug  and  25  ft.  cable. 
In  De  Luxe  package.  At  your  Job¬ 
ber’s  now 

UNIVERSAL  MICROPHONE  CO..  LTD. 
424  Warren  Lane  Intlewood.  Calll. 


iUALITY  AllTppei  EST.  IS  YEARS 

Seal  Finish  Tsni^n  Welde 
Tamar  Walds  Coil  Springs 
Fllaaient  Hooke  Bases 

‘  _  Boot  Welders  Cape 

Steal  Wirt  Csttinp  Sl  Foraiing  Machines 

The  Engineering  Co.”  of  Newark,  N.  J.,  Inc. 

^  .  Dinlel  Kondekjlan.  Pret. 


59  Brenford  Strmt 


New  "Contacts" 
Advertisements 

must  be  received 
i  by  Sept.  29th  to 
[  appear  in  the 
1  October  issue. 

Address  copy  to  the 

Departmental  Advertising  Staff 

ELECTRONICS 

330  West  42  St..  New  York  City 


COMPLETE  LINE  OF 
PILOT  LIGHT 
ASSEMBLIES  FOB 
AU  APFLICATIONS 


Write  ter 

NEW  6-FAGE 
CATALOGUE 
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tor  being  driven  by  tuning  fork  con- 
trolled  oscillators.  In  order  to  insure 
that  an  excessive  signal  will  not  be 
impressed  upon  the  telephone  lines,  ' 
a  neon  glow  lamp  is  incorporated  I 
into  the  circuit  of  the  coupling  unit. 

As  long  as  the  signal  is  normal,  the 

neon  lamp  does  not  affect  the  opera-  _ 

tion,  but  as  soon  as  the  signal  becomes 
too  great,  the  power  is  absorbed  ' 
by  the  glow  lamp.  The  telephone 

lines  are  protected,  but  the  quality  of  _ 

the  picture  is  impaired.  The  trans¬ 
mission  must  then  be  repeated  at  a 
lower  level.  The  coupling  trans¬ 
former  is  supplied  and  installed  by  — 
the  telephone  company. 

The  keynote  of  the  Wide  World 
Photos  wire  tran.smission  system  is 
simplicity.  It  was  designed  with  the 
idea  in  mind  that  it  would  be  oper¬ 
ated  in  most  instances  by  photog¬ 
raphers  unfamiliar  with  the  opera¬ 
tion  of  such  equipment.  In  this 
system,  phasing  the  tran.smitting 
and  receiving  cylinders  takes  place 
automatically  when  the  synchronous 
motor  is  started,  with  no  attention 
from  the  operator.  The  synchron¬ 
ous  motor  of  the  receiver  may  be  I 
controlled  either  by  a  local  tuning 
fork  with  a  frequency  of  1,800  cps, 
or  by  the  carrier  signal,  which  is  — 
also  1,800  cps,  supplied  by  the  trans¬ 
mitter.  The  tuning  forks  are  of  bi¬ 
metal  construction  and  are  tempera¬ 
ture  compensated  to  insure  satisfac¬ 
tory  operation  over  a  temperature 
range  from  freezing  to  110  degrees 
Fahrenheit.  The  motor  of  the  trans¬ 
mitter  is  controlled  by  the  same  type 
of  tuning  fork  as  the  receiver.  The 
efficiency  of  the  signal  amplifier, 
motor  amplifier  and  motor  has  been 
increa.sed  to  such  an  extent  that  the 
tran.smitter  may  be  operated  from  a 
dynamotor  producing  100  ma  at  300 
volts. 

The  recording  is  done  on  a  film  of 
special  characteristics  manufactured 
by  the  Eastman  Kodak  Co.  The 
charac  ter  of  the  emulsion  is  inter¬ 
mediate  between  those  of  the  Posi¬ 
tive  and  Commercial  emulsions.  The 
emulsion  is  of  such  a  nature  that 
very  fast  fixing,  washing  and  drying 
18  pos.sible.  Important  in  wire  trans¬ 
mission  work  is  the  fact  that  the 
film  has  a  thin  base  so  that  it  is 
easily  affixed  on  the  drum. 

There  are  more  than  40  stations 
located  throughout  the  United 
States,  Canada  and  Brazil.  Also,  at 
this  time  installations  are  being 
made  in  Australia. 
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All  scales 
direct 
reading 

Pushbutton 

range 

switching 


Large 

scale 

spread 


100  kilocycles 
to  25 

megacycles 

Tuned 

MOPA 

circuit 


Int.  &  Ext. 
modulation 
to  100% 


Output 
0.1  microvolt 
to  1.0  volt 


A  TRULY  MODERN  UP-TO-THE-MINUTE 

STANDARD  SIGNAL  GENERATOR 

It  has  all  the  features  for  speed  and  convenience  of  operation, 
accuracy  and  versatility  of  performance,  that  you’ve  always  wanted 
and  couldn’t  get. 

If 5  new  —  different  —  better 

And  it’s  the  first  of  a  complete  line  of  precision  radio  frequence- 
testing  and  measuring  equipment.  A  request  will  bring  you  com¬ 
plete  data  on  this  generator  and  place  you  on  our  mailing  list  to 
receive  descriptions  of  future  instruments. 


MICROVOLTS,  Inc. 


BOONTON,  N.  J. 


CLARE 


HWWi  ■mwM  womill 


fv/dtne*  th» 
valuu  of  CLARC 
Sortico  and  the 
quality  of  CLARE 
Ralayt  Is  fha  lltf 
of  promlnant  man- 
ufaefurtrs  and 
usars  who  ara  rag- 
ular  buyars  of 
CLARE  Indlf/idual- 
had  Ralayt. 


W«  r«tp«ctfully 
lollcit  your  Inquiry. 


CLARE  Individualized  Relays  are  designed  fo  your 
specifications. 

*Coils — from  a  fraction  ohm  to  40,000  ohms — marked. 

*Contact  Assemblies  —  makes  —  breaks  —  break-make  — 
make  before  breaks — break-make  before  breaks  and 
combinations  of  these. 

*Contacts — precision  metals. 

*Residual — screw  adjustable  or  welded  fixed. 

^Adjustment — standard  or  to  special  specifications. 

*Mountings — individual  or  group  mounting  accessories. 

•Service — delivery  to  meet  your  schedules. 


C.  P.  C  Lfl  RE  SCO. 

LAWRENCE  &  LAMON  AVES.  •  -  CHICAGO 

15  EAST  26TH  STREET  .  NEW  YORK  CITY 
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Jetve!  ““  Point 

MICRODYNE 


JOR  more  than  twenty  years  we  have  heen  leaders  in  the 
manufacture  of  high  grade  sound  reproducing  equipment. 
Never  in  our  history  have  we  heen  called  upon  to  supply 
so  many  pick>ups  to  replace  other  types  ...  all  the  more 
gratifying,  because  it  bears  out  the  contention  we  have 
made  for  years  and  which  leading  physicists  know  to  be 
a  fact  of  science  .  .  .  that  the  Inductor  principle  is  the 
only  one  that  makes  possible  HIGH  FIDELITY  AND  DAY- 
TO-DAY  CONSISTENCY. 

Not  satisfied  with  FLAT  response  to  5,000  cycles,  we  have 
“upped”  it  to  6,000,  then  beyond  8,000  ...  so  that  today, 
with  MICRODYNE,  you  can  be  as  confident  of  the  highest 
harmonics  as  of  any  ordinary  sound  in  the  midrange  .  .  . 
AUDAX  has  taken  still  other  forward  steps— easily  main¬ 
taining  its  world-wide  reputation  as 

"The  standard  by  Which  Others  are 
Judged  and  Valued" 

The  latest  AUDAX  development — a  HIGH  FIDELITY 
JEWEL-POINT  MICRODYNE  ...  With  sufiicient  output  to 
operate  with  any  good  amplifier.  This  new  JEWEL-POINT 
MICRODYNE  has  everything;  investigate  this  latest  AUDAX 
achievement. 

MICRODYNE — regardless  of  climatic  conditions— delivers 
consistently  uniform  response  with  the  shta-p,  clean-cut 
definition  of  the  finest  Magneto-Inductive  Pick-Up  .  .  .  yet, 
for  all  its  superlative  quality,  COSTS  ISO  MORE  THAIS  THE 
ORDIISARY  PICK-UP, 


Johnion  C«.,  E.  I. 
lone*.  Howard  B.. 


Kurman  Eloctric  Co 
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LIST  PRICES  START  AT 

*12.50 


WRITE  FOR  NEW  LITERATURE  ON  PICK-UPS  AND  CUTTERS 


AUDAK  COMPANY 

500  Fifth  Awe. 


Profeulonal  Services  . 

searchlight  section 

(Cioesi/led  AdrrrtUino) 

EMPLOYMENT  . 

HOME-STUDY  COURSE 
Cagitol  Radio  Engineering  Institute. . 

EQUIPMENT  FOR  SALE 

Elsbert  Manufacturing  Co..  Ino . 

Eisler  Electrlo  Corp . 

Eisler  Engineering  Co . 

Kahle  Engineering  Corp . 

Sun  Radio  Co . 


New  York  City 


Creators  of  High  Grade  Electrical  and 
Acoustical  Apparatus  Since  1915'* 


September  1939  —  ELECTRONICS 
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